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Dr. F. H. K. Green, who contributes the first article in this 
Number, is a member of the Administrative Staff of the Medical 
Research Council—a State organisation which, originally 
Starting as the Medical Research Committee, received its 
present title and constitution in 1920. Dr. Green is Secretary 
of the Council’s War Wounds Committee, and of some of its 
sub-committees, and also of the Therapeutic Trials Committee, 
the work of which is described in his article. 

The author of the second article, Professor Warrington 
Yorke, whose death occurred on April 24th, 1943, was distin- 
guished for his scientific and administrative work in association 
with the Liverpool School of Tropical Medicine. He had held 
the Alfred Jones chair of tropical medicine at Liverpool 
University since 1929, and had previously succeeded Sir Ronald 
Ross as Walter Myers professor of parasitology. He partici- 
pated in expeditions to Africa to study blackwater fever (1907) 


and sleeping sickness (1911, 1914). His scientific work 
covered a wide range of subjects in tropical medicine. In 
recent years his interest was especially centred on the chemo- 
therapy of trypanosomal infections, and some of the fruits of 
this work are described in the article which is published in a 
revised form in this Number and which he wrote at the invitation 
of the British Council in 1942. 

Dr. F. Hawking, who contributes the third and fourth 
articles, is a member “of the Scientific Staff of the Medical 
Research Council, and has worked at the National Institute 
for Medical Research since 1940. He has published a number 
of papers on chemotherapy and on tropical medicine and 
pathology. Since the war, he has undertaken investigations on 
behalf of the War Wounds Committee and of the Malaria 
Committee of the Medical Research Council. 


SPECIAL CONTRIBUTIONS 


CLINICAL EVALUATION OF NEW REMEDIES IN BRITAIN 


F. H. K. GREEN, M.D., F.R.C.P. 
Administrative Staff, Medical Research Council 


A problem necessarily confronting the manufacturers of a 
new drug is that of having it satisfactorily tested in patients, 
before it is placed upon the market. However encouraging 
the results obtained in pharmacological and toxicity tests in 
the laboratory, manufacturers of good repute will naturally 
be disinclined to offer a new product to the medical profession 
without previous evidence of its medicinal value and freedom 
from excessive toxicity in man, and without the authority of 
a published report upon its clinical action. 

This problem has always been beset with greater difficulties 
in Britain than in some other countries, owing to a certain 
reluctance on the part of many British doctors to carry out 
clinical trials at the direct request of commercial firms, and 
especially to allow their names to be quoted as the authors 
of such tests. In some European countries, where there has 
been a closer liaison between the academic and commercial 
pharmacological laboratories, and between both these and 
university clinics, the problem does not arise. From the 
manufacturers’ point of view, such a liaison has obvious 
practical advantages. Nevertheless, the clinical results pub- 
lished on this basis have occasionally been open to the un- 
charitable interpretation of an ulterior motive—especially 
where the clinical work is known to have been subsidised in 
greater or lesser degree by the interested commercial firm— 
and indeed it must be admitted that by no means all the 
reports on work done under these conditions have been of 
the highest scientific standing. 

Space does not permit a discussion here of the ethical aspect 
of the attitude of many British doctors on this question, but 
it may be stated as an historical fact that the difficulty in 
securing direct clinical collaboration in regard to the testing 
of new remedies has in the past placed British manufacturers 
at a disadvantage compared with some of their European 
competitors. 


Formation of a Therapeutic Trials Committee 


These and other considerations led the Medical Research 
Council, after representations by the Association of British 
Chemical Manufacturers, to institute in 1931 an official 
scheme for the clinical testing of new remedies which in 
laboratory tests had given promise of therapeutic value. The 
Council appointed a Therapeutic Trials Committee of expert 
clinicians and pharmacologists, to advise in making the 
scheme effective and to act as a disinterested intermediary 
between the manufacturers and the medical profession in 
regard to the arrangement of the tests. From the beginning, 
it was agreed that new remedies of foreign as well as of British 
origin should be eligible for trial under the scheme. Naturally, 
also, it was decided that the arrangement should not be con- 
fined to the testing of products of commercial origin, but 
that new drugs prepared in academic laboratories should also 
come within its scope. 
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Conditions of Acceptance of New Remedies for Trial 


Manufacturers applying to the Medical Research Council 
for clinical tests of their products must accept certain essential 
conditions for the investigations. First, the Council requires 
applicants to disclose “ all such details as are necessary for 
the understanding of the true composition and nature of the 
remedy submitted for trial ’ and states that it will in no case 
accept any remedy for trial without full liberty to have the 
relevant scientific details of its composition disclosed in any 
report upon its clinical action which may ultimately be pub- 
lished ; products of unrevealed composition are not accepted. 

Secondly, having applied successfully for official clinical 
trials of a new product, the manufacturer has to undertake 
not to make any independent arrangement for its testing 
without the Council’s permission. The main reason for this 
condition is, of course, to prevent the appearance of con- 
flicting and confusing teports upon the product, due to the 
premature publication by independent workers of reports on 
its trial in inadequate series of cases, before the official 
investigation is complete. The effect of the requirement that 
independent trials shall not be undertaken is to exclude any 
product which has already been placed upon the market 
either in Britain or abroad. The purpose of this condition 
is that new remedies should be tested clinically before they 
are placed upon the market, as, on this basis, the manufacturer 
is saved the embarrassment of having to consider the with- 
drawal of his product from the market, in the event of un- 
favourable results of the tests. In applying for trials of his 
product, the manufacturer must indicate his acceptance of 
the conditions outlined above, and he is expected to provide 
such pharmacological and other laboratory data about the 
drug as make a prima facie case for its novelty and potential 
clinical value. An important principle governing the 
arrangement is that the Council is interested only in “* new ” 
substances, of which the therapeutic value has not been 
adequately explored: it is not willing to arrange tests of new 
brands or mixtures of well-known medicaments, however 
ingeniously these may have been compounded. The primary 
object is to promote new knowledge and discovery, and the 
clinical assessment, under controlled conditions, of entirely 
new types of therapeutic agents. 


Organisation of Therapeutic Trials and Publication of Results 


When the Medical Research Council—with the advice of 
its expert Committee—has accepted a remedy for trial, 
clinicians of high standing in the appropriate branches of 
medicine or surgery are invited to test it and to report to the 
Council on the results. Under the agreement with the manu- 
facturers, the Council then has the right to decide whether it 
is in the public interest that the results—whether favourable 
or unfavourable to the remedy tested—shall be published, 
or whether they shall be communicated only to the manu- 
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facturer for his private information. When publication is 
decided upon, the usual pactice is to authorise the clinician 
concerned to publish the results under his own name, in a 
suitable medical journal, as a Report to the Therapeutic Trials 
Committee of the Medical Research Council. This arrange- 
ment is of significance in relation to the points made in the 
opening paragraph of this article; as his findings are pub- 
lished with the authority of the Council, the clinician is clearly 
exonerated from any suspicion of special pleading on behalf 
of the products of the firm concerned ; at the same time, as 
the report is published in his own name, he gets due credit 
for his work on the subject. When publication of a report 
on a drug is contemplated, the manufacturer is informed 
confidentially, in advance, of the results of the tests, on the 
understanding that he will make no public use of the informa- 
tion before the report appears. When the first official 
clinical report on a particular product has been published, the 
manufacturer is immediately at liberty to make such arrange- 
ments as he wishes for independent confirmatory trials or— 
if he thinks fit—to place the product upon the market. In 
marketing the product, he is entitled to refer in his trade 
literature to the official report. 

For obvious reasons, it is generally considered desirable 
to arrange for the official clinical tests of a new remedy to be 
carried out at more than one hospital. The reports sub- 
mitted from the various centres are then usually published 
simultaneously, or sometimes a conference of the clinical 
investigators is held, to collate their respective findings and to 
arrange the preparation of a joint report for publication. 
Experience has shown, however, that in occasional cases, 
where the product submitted for trial comes within the special 
field of interest of a well-established clinical research unit, 
time is saved by entrusting the official tests to research 
workers in the one unit, instead of distributing the product 
widely to clinicians throughout the country. 


Practical Operation of the Scheme 


Since the scheme was instituted in 1931, more than 40 new 
products have been accepted for official clinical trial, and 
reports on many of these have been published. Some of the 
investigations have been on a statistical basis, and these have 
been planned and assessed with advice from the statistical 
staff of the Council. In other cases, the notorious difficulty of 
securing controlled data in therapeutic research has been 
overcome by the organisation of “ blind ” tests, in which the 
effects of the product under trial have been checked by the 
administration on different occasions, or to different patients, 
of an inert substance of similar appearance. Not the least 
important aspect of the scheme is that in every instance where 
the results of the official clinical tests of a product have shown 
it to be unduly toxic or of little therapeutic value, and a report 
to this effect has been transmitted confidentially to the manu- 
facturers, the latter have decided to withhold the drug from 
the market, or, at any rate, not to issue it for the purpose for 
which it was originally proposed. 

It is not possible to list here the complete range of the 
official clinical tests of valuable remedies, but some out- 
standing examples may be given. Thus, the first large-scale 
trials of sulphonamido-crysoidin (“‘ prontosil rubrum’’) in 
human streptococcal infections were carried out under the 
authority of the Council and published in reports to the 
Therapeutic Trials Committee (Colebrook & Kenny, 1936). 
These papers are generally regarded as “ classical,” as they 
established, in man, the therapeutic possibilities of the first 
sulphonamide drug, which, though discovered in Germany, 
had not there been taken much beyond the experimental 
stage. Some of the earliest controlled clinical tests of sul- 
phanilamide were made under similar arrangements (Cole- 
brook & Purdie, 1937; Snodgrass & Anderson, 1937). In 
another direction, clinical work done on behalf of the Council 
was responsible for establishing the therapeutic possibilities 
of the new group of synthetic cestrogenic agents, developed 
from the chemical researches of Dodds, Robinson and others 
in academic laboratories, of which stilboestrol (diethyl- 
Stilbeestrol) is the prototype: several synthetic oestrogens of 
this type have since been the subject of reports to the Thera- 
peutic Trials Committee (Bishop, Boycott & Zuckerman, 
1939 ; Winterton & MacGregor, 1939; Kellar & Sutherland, 
1939 ; Bishop, Bowes, Boycott, Kellar, MacGregor & Murless, 
1940; Barnes, 1942). 

Complaints have sometimes been voiced by manufacturers 
that the official clinical tests carried out under the Council’s 
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authority take an excessively long time to complete, as com- 
pared with tests made under private arrangements with 
doctors, where such are possible. Some manufacturers have 
also objected to the condition—laid down, it may be said, 
after consultation with the manufacturers’ Association—that 
the makers of the product shall have no direct communication 
with the clinicians during the period of the tests ; and it has 
been suggested that it is in the best interests of the investiga- 
tion that the manufacturers should be kept in constant touch 
with its progress. While this, no doubt, is sometimes true, 
a relaxation of the condition, such as has been permitted in 
exceptional circumstances, does not always react to the 
benefit of the manufacturer, as the clinician’s early impressions 
of a new drug are sometimes unduly favourable or unfavour- 
able, and the manufacturer’s assessment of the possibilities 
of his product on the basis of the preliminary clinical findings 
communicated to him may thus err on the side of optimism 
or of pessimism. Nevertheless, in the majority of cases, 
where communication between the manufacturer and the 
clinician is permitted only through the intermediary of the 
Council, an attempt is now made to keep the former informed 
as far as possible of important stages in the progress of the 
tests, and his advice is necessarily sought upon the question 
of any modification of the product which may seem desirable 
to increase its clinical usefulness. 


Effect of War-time Conditions 


During the war, the work of organising official tests of new 
remedies of general therapeutic interest has been restricted 
by a variety of circumstances, not the least of which is the 
difficulty of finding expert clinicians who have time and 
facilities to devote to the investigation of medicaments which 
have no specialised application to problems of war medicine. 
On the other hand, many clinical studies of new therapeutic 
agents of immediate importance in relation to current prob- 
lems, such as the treatment of wounds, burns and various 
infective diseases, have been arranged. Outstanding among 
these are the clinical tests of penicillin now in progress under 
the authority of the Council, and the investigations organised 
by the War Wounds Committee of the Council, and its sub- 
committees, into the use of various bacteriostatic agents to 
control infection in wounds and burns. Clinical trials of 
British-made equivalents of several important pharmaceutical 
products of foreign origin have also been carried out. In 
relation to much of this ad hoc work, the manufacturers 
have been allowed to maintain closer contact with the 
clinicians making the tests than has hitherto been permitted 
in peace-time, and it is hoped that it will be possible to main- 
tain this closer liaison on a satisfactory basis when the 
organisation of official clinical trials of new remedies is re- 
sumed on a full scale after the war. The Council also hopes 
to find a means of effecting a more intimate and sustained 
contact with the clinical centres where tests are made, so that 
the clinicians may be encouraged to complete their investiga- 
tions, and report the results, with the minimum of delay. 


Advantages of Organised Trials 


So far as the writer is aware, the conclusions recorded in 
published reports to the Therapeutic Trials Committee re- 
garding the practical value of therapeutic agents tested, have 
never been reversed in the light of later experience, though in 
one case—that of prostigmin—the investigations made for 
the Committee failed to reveal the full range of clinical utility 
of the product. Prostigmin was submitted to the Medical 
Research Council for trial in the relief of post-operative dis- 
tention and paralytic ileus, and the published report to the 
Therapeutic Trials Committee (Carmichael, Fraser, McKelvey 
& Wilkie, 1934) dealt only with that aspect of its action; it 
was left to an independent investigator, who had noted from 
the official report that the drug was of relatively low toxicity 
compared with physostigmine, to discover that it also had 
a dramatic effect in myasthenia gravis. 

It may reasonably be contended that the great majority 
of the published reports on clinical tests made under the 
authority of the Medical Research Council constitute sub- 
stantial contributions to therapeutic research, and that the 
manufacturer whose product can be placed on the market 
with this official recommendation is in a much stronger 
position in issuing it commercially than if the tests had been 
arranged privately. Thus it may be maintained that, from 
the manufacturers’ point of view, the reports upon the 
official clinical trials are usually well worth waiting for, even 
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though—owing to the wider scope of the inquiries—they 
sometimes take longer to appear than papers on tests 
carried out directly for the manufacturers by individual 
doctors. 

The advantages of having an impartial body of medical 
experts to organise the clinical testing of promising new 
remedies of academic or commercial origin can hardly be 
denied, and it is to be hoped that with the post-war develop- 
ment of research in chemotherapy—which already, with the 
discovery of penicillin and related substances, holds prospects 
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of such tremendous promise—the increasingly close co- 
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expeditious way. 
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THE THERAPEUTIC ACTION OF THE AROMATIC DIAMIDINES IN THE TREAT- 
MENT OF PROTOZOAL INFECTIONS OF MAN AND STOCK * 


the late WARRINGTON YORKE, M.D., F.R.C.P., F.R.S. 
Alfred Jones Professor of Tropical Medicine, University of Liverpool 


In 1935, Jancs6 & Jancsé in Hungary and Schern & Arta- 
gaveytia-Allende in South America, independently and almost 
at the same time, recorded that synthalin exerted a slight but 
definite therapeutic action in mice and rats infected with 
certain pathogenic trypanosomes. It has long been known 
that the pathogenic trypanosomes require an enormous 
amount of glucose for their metabolism, vide Yorke, Adams 
& Murgatroyd (1929), and the Jancsés concluded that the 
trypanocidal synthalin acts indirectly by producing a con- 
tinuous hypoglycemia which results in a “‘ sugar-blockade ” 
of the parasite metabolism. Schern & Artagaveytia-Allende 
reached a somewhat similar conclusion, but felt unable to 
exclude a possible toxic action of the drug on the parasites. 

On consideration, it seemed so exceedingly improbable 
that any degree of hypoglycemia compatible with the life of 
the host would suffice to affect its trypanosomal infections 
that I decided to re-examine the phenomenon. My colleague, 
Dr. E. M. Lourie, and I examined the trypanocidal action of 
synthalin in vitro by means of the technique described by 
Yorke, Adams & Murgatroyd (1929). We found that syn- 
thalin exerts in vitro a powerful trypanocidal action, which is 
of the same order as that of the aromatic trivalent arsenicals, 
a concentration of only 1 in 100 millions sufficing to destroy 
all the trypanosomes in a suspension of nutrient medium 
within 24 hours at 37° C. Furthermore, we satisfied our- 
selves that synthalin does not produce any pronounced 
degree of hypoglycemia in the normal animal given in doses 
which produce serious damage to the liver, and finally, 
that insulin exerts no trypanocidal activity either in vivo or 
in vitro. 

From this work, Lourie & Yorke (1937) concluded that 
the therapeutic action of synthalin does not depend upon any 
hypoglycemia which it may produce, but upon its direct lethal 
effect on the parasite. This discovery that the trypanocidal 
action of synthalin is a direct one opened a wide field of 
biological and chemical inquiry. It was, moreover, of con- 
siderable interest in that the chemical constitution of synthalin 
is essentially different from that of all known trypanocidal 


* [This paper was contributed, at the invitation of the British 
Council, in 1942. It was translated into Spanish and submitted 
for exclusive publication in Argentina (Prensa méd. argent. 29, 
1679-87). Asan authoritative review of the development of work 
on an important new series of compounds, it has been considered 
to be of sufficient interest for republication in BMB. The article 
has been revised and minor alterations and omissions have been 
made. In addition, the Bureau of Hygiene and Tropical Diseases 
has kindly provided references to the later literature, which have 
been interposed in the text in square brackets. These changes 
have been made in the interest of conformity with later findings, 
but the article remains essentially as originally written.] 


substances. As the following formula shows, synthalin 

consists of two guanidine groups connected by a long alkylene 
chain : 

NH 

‘CNH(CH,),~NHC 

NH4 SNH 


u 
JNU, 


With the collaboration of Dr. H. King of the National 
Institute of Medical Research, London, a large number of 
guanidines, isothioureas, amidines and amines with alkyl 
and alkylene chains were prepared and examined for try- 
panocidal activity. 


Chemotherapeutic Investigation of Diamidines 


It was found that certain of the diamidines exhibited a 
powerful trypanocidal action both in vivo and in vitro, and 
that with the most active member of the series, viz., unde- 
cane-1 : 11-diamidine, it was possible to produce permanent 
cures in approximately 100% of mice and rabbits infected 
with our laboratory strain of Trypanosoma rhedesiense. 

Immediately following the publication of this work (King, 
Lourie & Yorke, 1937; 1938) Dr. A. J. Ewins of the firm of 
May & Baker took up the investigation of a series of aromatic 
compounds containing the amidine group. Examination of 
these compounds showed that many of them exhibited con- 
siderable trypanocidal activity, and that some of them did 
so in a quite remarkable degree. The most active of Ewins’ 
compounds were found to be: 


4: 4'-diamidino NH.  * P me NH, 
stilbene cH: CHL / 

(stilbamidine) nu’ \NH 

and the members NH,\_ , ao. me. /N#g 


ct CH,),O Se 
of the series ee a JOCHIOA —_ 
viz., 4:4'-diamidino diphenoxypropane (propamidine),' 
where n = 3. 
4: 4’-diamidino diphenoxypentane (pentamidine), 
where n = 5. 


Each of these compounds is tolerated by mice when ad- 
ministered intraperitoneally in doses up to 1 mg. per 20 g. 
mouse. Diamidino stilbene is slightly more active than the 
others. Such minute doses as 0-005 and 0-00625 mg. per 
20 g. mouse suffice to clear the peripheral blood in more than 
50% of mice infected with our strain of T. rhodesiense ; 
permanent cures are sometimes obtained with doses of 0-01 


1 [This omuent has en been found effective as a a wound 
antiseptic (see BMB 58).] 
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and 0-0125 mg., and with doses of 0-025 and 0-05 mg. the 
great majority of the animals are permanently cured. The 
maximum tolerated dose 

minimum curative dose 

stilbene is therefore about 30. Experiments on rabbits in- 
fected with 7. rhodesiense gave equally satisfactory results. 
The maximum dose of diamidino stilbene tolerated by rabbits 
when administered intravenously is about 20 mg. per kg. of 
body weight. A dose of 0-5 mg. per kg., i.e., ‘sth of the 
maximum tolerated dose, repeated on each of 5 consecutive 
days, sufficed to produce permanent cures in all the cases, 
even though at the time of commencement of treatment the 
rabbits had been infected between 3 and 4 weeks and exhibited 
pronounced lesions. 

In view of the remarkable activity displayed by certain of 
the aromatic diamidines on Trypanosoma rhodesiense infec- 
tions of laboratory animals, it appeared to be of interest to 
ascertain whether they exerted any therapeutic activity in 
other protozoal or in spirochaetal infections. For this pur- 
pose, the following were selected: Trypanosoma equinum, 
T. congolense and T. cruzi; Spirochaeta recurrentis and 
Spirillum minus ; Plasmodium relictum of canaries, P. knowlesi 
of monkeys, and the malaria parasites of man ; Babesia canis 
in puppies ; and Leishmania infections in hamsters. 

The results of this work (Lourie & Yorke, 1939a; 1939b) 
can be briefly summarized as follows : 

T. equinum infections of mice appear to be just as sus- 
ceptible to the diamidines as are T. rhodesiense infections. 

T. congolense infections of mice: Most of the compounds 
tested displayed some action on these infections, but cures 
were obtained only with diamidino stilbene: all of seven mice 
were cured by a single maximum dose of 1 mg. of this com- 
pound, and all of eight mice were cured by 0-25 mg. given on 
each of three consecutive days. Recently it has been found 
(Fulton & Yorke, 1942a) that a closely allied diamidine, viz., 
4: 4'-diamidino dimethyl stilbene, is considerably more active 
in this infection, mice being cured by a fourth or less of the 
tolerated dose. 

T. cruzi infections of mice: The compounds tested had no 
action on this infection. 

Spirochaeta recurrentis and Spirillum minus infections of 
mice were uninfluenced by these compounds. In this con- 
nection it is interesting to note that Dr. Lourie, writing from 
Sierra Leone, British West Africa, reported that diamidino 
stilbene had no action on yaws (framboesiasis). 

Plasmodium knowlesi of monkeys and P. relictum of 
canaries: diamidino stilbene and diamidino diphenoxy- 
pentane were tested by Dr. J. D. Fulton (1940) on these 
infections ; both were found to exert a definite therapeutic 
activity on the monkey malaria infection, and the latter 
compound also exerted some influence on the canary infection. 

Malaria in man: Diamidino stilbene was found to exert 
a definite action on induced P. vivax infections in patients 
with dementia paralytica, but little or no action on natural 
infections with P. falciparum. 

Babesia canis in puppies: Since Nuttall (1909) drew atten- 
tion to the therapeutic activity of trypan blue in babesia 
infections, many attempts have been made to find a more 
efficient remedy. Apart, however, from the discovery of 
Stephan & Esquibel (1929) that acriflavine also exerted a 
definite action on certain babesia infections, there seems to 
have been no real advance in the therapy of this important 
group of diseases until 1935, when Kikuth and others pub- 
lished accounts of very successful results obtained with a 
Bayer product known as acaprin—6: 6’ (di-N-methyl-quino- 
lintum-methosulphate) urea — in the treatment of various 
babesia infections. 

In our experiments we used a strain of Babesia canis ob- 
tained from Kikuth, of Elberfeld ; this strain is very virulent 
for young puppies, killing them usually in from 4 to 6 days. 
We found that most of the aromatic diamidines examined 
had a definite action on the infection in that they caused the 
parasites to disappear from the blood for a time. The most 
active compounds were diamidino stilbene (4: 4’-R-CH: 
CH-R), diamidino diphenyl ether (4: 4’-R-O-R), and di- 
amidino diphenoxypropane (4: 4’-R-O(CH,),O-R). Single 
large doses of these compounds or two smaller doses given 
on successive days sufficed to sterilize the infection. 

Leishmania infections in hamsters [Cricetus auratus]: A 
quantity of diamidino stilbene was sent to Professor S. Adler, 
of Jerusalem, with the request that he would test the substance 
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in hamsters infected with L. donovani. In due course, Adler 
reported that this compound had a marked therapeutic 
action on infections of L. donovani in the Syrian hamster. 
In the three animals sufficiently studied, the infection was 
sterilized by 27 injections of 2-5 mg. per kg. of body weight, 
24 injections of 10 mg. per kg., and 10 injections of 20 mg. 
per kg. As Adler points out, this observation is of great 
interest as it is the first instance of a drug not containing 
antimony with a therapeutic action on infections of L. 
donovani. 

Summarizing all this experimental work, we find that 
certain of these aromatic diamidines exert a powerful curative 
action on Trypanosoma rhodesiense and T. equinum infections, 
on Babesia canis infections and on Leishmania donovani 
infections, that they exert a less powerful action on 7. congo- 
lense infections and on certain malaria infections of man 
and monkeys, but that they have no effect on 7. cruzi infec- 
tions or on those due to Spirochaeta recurrentis or Spirillum 
minus. 


Clinical Tests 


Since 1939, certain of these compounds have been tried 
clinically on man suffering from African sleeping sickness and 
from leishmaniasis, respectively, and also on domesticated 
animals infected with Babesia. The results of these clinical 
trials which have so far been received are summarized below. 


African Trypanosomiasis 

The therapeutic action of diamidino stilbene on patients 
suffering from sleeping sickness has been examined by 
McLetchie (1940) and by Harding (1940) in Northern 
Nigeria, and by Bowesman (1940) in the Gambia, while 
Saunders (1941) tested diamidino diphenoxypentane in the 
Gold Coast. 

[During 1939-41 Lourie (1942) treated cases of T. gambiense 
infections in Sierra Leone with diamidino diphenoxypentane, 
diamidino diphenoxypropane and diamidino stilbene. In 
early cases the two former drugs are almost as effective as 
antrypol or tryparsamide, and have the distinct advantage 
that the course of treatment is completed in much shorter 
time. Diamidino stilbene is considerably less valuable. In 
late cases tryparsamide is much more effective than the di- 
amidines. Immediate but transient toxic effects were noted, 
but no late ill-effects occurred; the maximum doses given 
were 100 mg. daily for 12 days. The author remarks that 
other workers, using heavier doses, have reported severe 
delayed toxic effects on the liver, and refers to the neuro- 
pathies reported from India (see below). 

Lawson (1942) treated 53 cases of T. gambiense infection in 
Uganda by 10 daily intravenous injections of 0-1 g. diamidino 
diphenoxypentane (for adults). He reports rapid sterilization 
of the blood, and considers this to be probably the best drug 
so far introduced for the treatment of early cases with low 
cerebrospinal fluid cell count. For those with higher counts 
he advocates a pentavalent arsenical. 

Gilbert (1943), from observations on a small series of cases 
of T. gambiense infection, advocates doses of at least 2-0 mg. 
per kg. body weight, preferably given intravenously, in two 
courses of 8 injections each, separated by an interval of 
one week.] 

From all this work the following provisional conclusions 
seem permissible : 

i. The diamidines are powerfully trypanocidal substances 
and quickly cause peripheral sterilization. 

ii. Early cases with normal cerebrospinal fluid are appar- 
ently cured by a short course of any of the three diamidines. 

iii. As regards the action of these compounds on late 
cases of Trypanosoma gambiense infection, it appears that 
diamidino stilbene and the other diamidine compounds fail 
to cure these cases. Lourie’s preliminary reports suggest 
that diamidino diphenoxypentane and diamidino diphenoxy- 
propane may prove more valuable than diamidino stilbene. 


Human Leishmaniasis 

Indian kala-azar: The first human case of this disease 
treated with one of the aromatic diamidines was that reported 
upon by Adams & Yorke (1939). The patient, a Hindoo, was 
exceedingly ill, much emaciated, anemic, with a spleen 
reaching the umbilicus and fever of a remittent type ; Leish- 
mania donovani was found in bone-marrow smears and 
cultures of the blood were positive. He was given diamidino 
stilbene intravenously in doses of 1-0 mg. per kg. daily for 








8 consecutive days. A few days after the end of treatment, 
the temperature became normal and the spleen commenced 
to shrink rapidly. By the 17th day after treatment the spleen 
was just palpable below the costal margin, and the size of 
the liver had decreased coincidentally with that of the spleen. 
When the patient was discharged from hospital 24 months 
after treatment, he appeared to be perfectly well. His weight 
had increased by 4 kg., cultures of the blood and bone- 
marrow smears were negative, and the anemia and leuco- 
penia had practically disappeared. 

Subsequently, a second case of Indian kala-azar was suc- 
cessfully treated by Adams & Yorke (1940) with a similar 
course of diamidino stilbene; and later Wingfield (1941) 
recorded details of another case also apparently cured by 
a short course of this drug. 

Napier & Sen (1940) tested diamidino stilbene in the 
Calcutta School of Tropical Medicine. They treated a series of 
8 cases of Indian kala-azar, all of whom were apparently cured 
by a course of 8 to 12 daily injections of 1 to 2 mg. per kg. 

Adams (1941) tried diamidino diphenoxypentane in a case 
of Indian kala-azar; the patient was apparently cured by 
a course of 8 daily injections, each consisting of 1 mg. per kg. 

[Napier, Sen Gupta & Sen (1942) have reported on 100 cases 
of Indian kala-azar treated with diamidino stilbene in doses 
up to a maximum of 1 mg. per pound [about 0-45 kg.] of 
body weight. Reactions were troublesome but apparently 
free from danger ; the fall in blood pressure could be pre- 
vented by an injection of 0-25 cm.* of 0-1% adrenaline 
just before administration of the drug. Of these patients 
2 died, and 98 were cured except that in 2 there were relapses. 
The authors state that the introduction of stilbamidine has 
made a great advance in the treatment of kala-azar; anti- 
mony-resistant cases respond well. 

Napier & Sen Gupta (1943) have used pentamidine in doses 
up to a maximum of 1 mg. per pound body weight for Indian 
kala-azar, with satisfactory results, but Napier, in an editorial 
in the same journal, sums up the position in the sense that 
the majority of Indian patients will continue to be treated 
with antimonials, the diamidines being reserved for antimony- 
resistant cases. ] 

Mediterranean and Sudan leishmaniasis: Adler & Rach- 
milewitz (1939) tried diamidino stilbene on a woman infected 
with Leishmania infantum. The patient, who had contracted 
the disease in Palestine, had relapsed after a course of stibur- 
amine. Between July 5th and September 7th, 1939, the patient 
was given a series of 24 injections of diamidino stilbene, the 
individual doses varying from 1-0 to 1-7 mg. per kg. When 
the patient was discharged on October 8th, she had increased 
in weight and appeared to be in excellent condition. The 
authors write that in view of the clinical severity of the case, 
the size and hardness of the spleen and, above all, the fact 
that they were dealing with a relapse case, the result must 
be regarded as satisfactory. 

In a letter dated July, 1941, Adler mentioned that he had 
successfully treated with diamidino stilbene a second case 
infected with Leishmania infantum. The patient, a child, was 
desperately ill. In all, she was given about 90 injections, the 
individual doses ranging up to 2:5 mg. per kg. Adler re- 
ported that the child had been quite well for some months 
and he believed that she was cured. 

Kirk & Sati (1940) examined the therapeutic activity of the 
aromatic diamidines on a large scale in the field. These 
workers treated a series of 43 cases of Sudan leishmaniasis— 
28 with diamidino stilbene, 13 with diamidino diphenoxy- 
pentane, and 2 with diamidino diphenoxypropane. 

Among the 28 cases treated with diamidino stilbene, there 
were 4 deaths and 24 recoveries, giving an immediate recovery 
rate of 86%. Of the 24 immediate cures, 6 cases had at the 
time of the report been under observation for a period of 
6 to 7 months, during which there had been no relapse. Of 
the 4 fatal cases, 3 were moribund when treatment commenced 
and died when they had received only 3, 4 and 5 doses, 
respectively ; the fourth was a child of four who appeared 
to be progressing well but died suddenly from unknown cause 
on the day following the seventh injection. Among the 
13 cases treated with diamidino diphenoxypentane there 
were 3 deaths, 9 immediate recoveries and one doubtful 
recovery. Of the 3 fatal cases, one had lobar pneumonia 
when admitted and was moribund; one appeared to be 
making an excellent recovery, but after being afebrile for 
three weeks went out and drank a great deal of native beer, 
returning to hospital very intoxicated and dying 48 hours 


later; and in the third the condition was complicated by 
nephritis and severe diarrheea which resisted every form of 
treatment. Of two cases treated with diamidino diphenoxy- 
propane, one (who also had pneumonia) recovered, but the 
other, a man of 30 who on admission was in an extremely 
dirty, verminous and exhausted condition and weighed only 
5 stones [about 32 kg.], died after the fourth injection. 

In addition to these cases, Kirk & Sati refer briefly to three 
antimony-resistant and antimony-relapsed cases who were 
provisionally cured by diamidino stilbene, and also to two 
cases of espundia who were discharged as possible cures after 
treatment with diamidino stilbene. Lastly, Kirk & Mac- 
donald (1940) give details of an interesting case of Sudanese 
leishmaniasis who had relapsed after treatment with neo- 
stibosan. This patient exhibited peripheral neuritis—pre- 
sumably the result of previous antimony treatment—a con- 
spicuous nodular depigmented eruption on the face, a 
minutely punctate rash over the rest of the body, and 
muco-cutaneous lesions at the orifice of the nose and on the 
nasal septum. The patient, who was given a course of 
diamidino diphenoxypentane, was discharged as cured. 

Apparently, then, Kirk and his collaborators tried the 
various diamidines on a total of 49 cases of Sudan leishman- 
iasis, 41 of whom were provisionally cured. Of the 8 fatal 
cases, 5 were moribund when admitted and died after only 
3 to 5S injections. If we omit these 5 moribund cases and the 
patient who broke out of hospital and died after a debauch, 
there remain 43 cases, 41 (95 %) of whom were provisionally 
cured. 

Colonel Hamilton Fairley in a letter dated December, 1941, 
stated that most satisfactory results were obtained with 
diamidino stilbene in over 30 cases of Sudan leishmaniasis 
occurring among British troops. 

As Kirk & Sati point out, these results compare most 
favourably with those hitherto obtained in the treatment of 
Sudan leishmaniasis with the antimonials. They write: 


** The clinical picture of the uncomplicated disease is a grave one. 
Intractable diarrhoea, hemorrhages, and complications like cancrum 
oris and lobar pneumonia are frequent. Experience with antimony 
has shown that the Indian standard treatment is inadequate in 
the Sudan disease, where the action of the drug is much slower. A 
larger total dose is usuaily required to effect a cure, and cases are 
frequently encountered which are completely resistant to any form 
of antimony treatment. Moreover, Sudanese kala-azar patients are 
very sensitive to the toxic effects of antimony, and the early attempts 
to treat the Sudan disease with this drug along the lines advocated 
in India led only to a series of disasters, which Archibald recognized 
as attributable to the drug rather than to the disease.” 


In view of the relatively great difficulty which has been 
experienced in curing Mediterranean and Sudan leishmaniasis 
with antimonials, it is not surprising that both Adler & Kirk 
found that much larger quantities of the diamidines were 
required in this form of leishmaniasis than in Indian kala- 
azar. The size of the individual dose given varied between 
1-0 and 2:5 mg. per kg., and apparently at least 30 injections 
were necessary to produce a cure. 

[Diamidino diphenoxypropane was tried in a case of kala- 
azar in Liverpool (Adams, 1943). Intravenous administra- 
tion of 100 mg. daily for 9 days elicited a good response, 
although there was local reaction at the site of infection.] 

From this work it seems possible to draw the following 
provisional conclusions : 

i. Indian kala-azar can be cured with a short course con- 
sisting of 8 to 12 injections of 1 mg. per kg. of diamidino 
stilbene or diamidino diphenoxypentane. 

ii. The great majority of cases of Mediterranean and Sudan 
leishmaniasis can be cured by these diamidines, but a much 
longer course is required than is the case with Indian kala- 
azar. The results obtained with the diamidines appear to be 
considerably better than those hitherto obtained with the 
antimonials. 

[Siisskind & Roth (1943) have treated one child with 
Mediterranean kala-azar with two courses of stilbamidine, 
one consisting of 38 injections, the other of 87. The result 
was satisfactory. The drug was given daily for part of the 
time, but in other parts of the course there were intervals of 
1 or more days between injections. ] 


Field Tests in Animals 


Babesiasis in Domesticated Animals 


In view of the successful results obtained by Lourie & 
Yorke (1939b) in the treatment of puppies experimentally 
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infected with Babesia canis by diamidino stilbene, diamidino 
diphenyl ether and diamidino diphenoxypropane respectively, 
it was decided to ask Professor Adler to test these compounds 
in animals infected with various piroplasms in Palestine. 

Adler & Tchernomoretz (1940) examined the effect of 
diamidino stilbene on the following: Theileria annulata in 
calves, Anaplasma marginale in calves, Anaplasma ovis in 
goats, Babesiella ovis in goats and Babesia bigemina in calves. 
They found that the drug had no effect on Theileria annulata 
infections, nor on the Anaplasma infections in splenectomized 
calves and goats. On Babesiella ovis infections in goats and 
Babesia bigemina in calves, however, the drug had a very 
marked therapeutic action. In-order to exclude the natural 
defences against the parasites, Adler and Tchernomoretz 
used only splenectomized animals. They found that in doses 
of from 2 mg. to 4 mg. per kg. diamidino stilbene is effective 
in the treatment of Babesiella ovis in goats and Babesia 
bigemina in calves, and that the action of the drug in the 
latter infection is very rapid. 

Daubney & Hudson (1941) examined the therapeutic 
action of diamidino stilbene on 16 dogs naturally infected 
with Babesia canis in Kenya. Most of the animals were 
pure bred, very often the progeny of imported parents, and 
the majority of the attacks were primary infections in animals 
ranging from a few weeks to 12 months old. In 15 of the 
dogs the dose employed was 1:5 mg. per kg. given sub- 
cutaneously. In 13 there was rapid clinical recovery, the 
blood was negative within 48 hours, and there was no relapse ; 
two advanced cases—one of which was moribund when 
treated—died. The sixteenth animal was given 0:9 mg. 
per kg. Here also the blood was negative within 48 hours, 
but a relapse occurred 4 days later. 

Daubney & Hudson also record the result of treating with 
diamidino stilbene two cases of biliary fever (Babesia caballi) 
in horses. One of these animals was a foal and the other a 
thoroughbred horse. Both made a rapid recovery and no 
relapse was observed. 

Daubney & Hudson draw attention to certain transient 
toxic effects in dogs. Within a few minutes most of the 
animals showed evidence of hyperesthesia, and in more than 
half of them there was transient swelling of the face. Two 
animals appeared to have some difficulty in breathing, and 
some attempted to vomit. After about 20 minutes, these 
untoward effects passed away and the animals settled down 
to sleep ; the next day they were much brighter than before 
treatment and from then onwards recovery was uninterrupted. 

The two horses treated with diamidino stilbene also ex- 
hibited transient toxic signs. The foal showed signs of 
hyperesthesia similar to those seen in dogs, with swelling of 
the muzzle and tongue. These symptoms passed off within 
afew hours. The thoroughbred horse was apparently greatly 
distressed for about 48 hours after the injection, sweating 
profusely and behaving as though suffering from violent 
colic. When these symptoms subsided, the animal made a 
rapid recovery. A third uninfected horse showed similar signs. 

Daubney & Hudson conclude that diamidino stilbene is 
a useful therapeutic agent in the treatment of clinical cases 
of tick fever in dogs, but that the drug is unsuitable for 
administration to horses, notwithstanding its efficacy in the 
cure of biliary fever. 

Carmichael & Fiennes (1941) tested another of these com- 
pounds, viz., diamidino diphenoxypropane, in dogs naturally 
infected with Babesia canis in Uganda: The dosage used was 
that recommended by Lourie & Yorke (1939b), i.e., either 
a single dose of 5 mg. per kg., or a dose of 2:5 mg. per kg. 
on each of two consecutive days. Subcutaneous, intravenous 
and intramuscular routes proved equally effective, but the 
intramuscular route was preferred, as when the subcutaneous 
route is used, an cedematous swelling may result and persist 
for a month or six weeks. The dogs brought for treatment 
inc’ ided animals in all stages of the infection, from those at 
the beginning of the disease to those which had been sick for 
some time and were nearly moribund. Of the 116 animals 
treated, 102 were definitely cured by the single dose of 5 mg. 
per kg. or by the two smaller doses given on consecutive 
days; 10 relapsed but were cured by a second dose, and 
4 died. No signs of toxicity were detected. The authors 
contrast their results with those previously obtained by 
Carmichael (1935) with trypan blue and with acaprin, and 
conclude that diamidino diphenoxypropane has proved the 
most valuable drug they have so far encountered in the 
treatment of tick fever in dogs. 


Carmichael has also examined the action on dogs natur- 
ally infected with Babesia canis in Uganda of another of the 
diamidines found by Lourie & Yorke to be effective in this 
infection, viz., diamidino diphenyl ether. In a cable dated 
the 18th August, 1941, Carmichael said that 20 cases were 
very successfully treated, without death or relapse, by a sub- 
cutaneous injection of 10 mg. of the compound per kg. 

The general conclusion from this work appears to be that 
diamidino stilbene, diamidino diphenoxypropane and diami- 
dino diphenyl ether are of practical value in the treatment 
of babesiasis in the field. The last two compounds are prob- 
ably of most value in the treatment of dogs because they are 
definitely less toxic for these animals than is diamidino stil- 
bene. There is, as yet, not sufficient evidence to state which 
of these compounds is preferable for the treatment of horses, 
cattle, sheep and goats. Adler’s work indicates that the 
diamidines have no action in infections due to Theileria and 
Anaplasma. 


Toxicity 

Acute. The aromatic diamidines have now been adminis- 
tered to some hundreds of human beings. They have been 
given both intravenously and intramuscularly. Owing to 
their great solubility, diamidino diphenoxypropane and 
diamidino diphenoxypentane are more suitable for intra- 
muscular injection into man and the larger animals than is 
the less soluble diamidino stilbene. The normal dose has 
been 0-5 to 2:0 mg. per kg. 

No serious example of acute toxicity has so far been 
reported, but many of the patients who received the larger 
doses (1:0 and 2-0 mg. per kg.) by the intravenous route 
have exhibited transient symptoms. As a rule, these were 
slight, and varied from flushing of the face and indefinite 
epigastric sensation to headache, dizziness, rapid pulse, 
sweating, retching and, rarely, vomiting. All these effects 
disappeared within half an hour. Occasionally, however, 
intravenous injections have been followed by more alarming 
symptoms—syncopal attacks with temporary loss of con- 
sciousness and epileptiform twitching ; these symptoms also 
were very transient and disappeared in a few minutes. 

It would appear that most, if not all, of these immediate 
disagreeable effects are connected with the dramatic fall in 
blood pressure which follows intravenous injection of the 
diamidines. Adams (1941) observed that within a minute 
of the intravenous injection of 1 mg. per kg. of diamidino 
diphenoxypentane the systolic pressure fell from 106 to 50 
and that it had returned to normal within 10 minutes. After 
a similar dose, given intramuscularly, the systolic pressure 
fell from 106 to 80 within 3 minutes; after 10 minutes it 
had increased to 95, and thereafter slowly returned to normal. 
These observations correspond with the fact that the un- 
desirable transient symptoms are less marked after intra- 
muscular than after intravenous injection. 

[The pharmacological properties of the diamidines have 
more recently been studied by Wien (1943) and by Wien, 
Freeman & Scotcher (1943). The compounds have a de- 
pressant action on the circulatory system, but the fall in blood 
pressure may be reduced or prevented by a previous injection 
of calcium.] 


Chronic. Albuminuria and other signs of renal irritation 
have not been observed. Information received from the 
Sudan in 1942 indicated that the diamidines possessed cumu- 
lative action, and that prolonged administration of large 
doses might produce serious damage to the liver. A certain 
number of cases of Sudan kala-azar received the following 
doses of diamidino stilbene: first week, 2 mg. per kg. daily ; 
second week, 3 mg. per kg. daily ; third week, 4 mg. per kg. 
daily. In these cases the cure of the kala-azar was apparently 
very rapid, and the patients were discharged from hospital 
a short time after completion of the treatment. However, 
a few weeks later a number of these patients presented signs 
of serious hepatic insufficiency, and some of them died. 

It seems clear that the diamidines should be employed with 
caution, that the daily dose should probably not exceed 1 to 
2 mg. per kg., and that the treatment should be interrupted 
after a week or 10 days. With the object of protecting the 
liver Adler recommends simultaneous administration of large 
doses of glucose and calcium. 

[Kirk made the suggestion that solutions of diamidino 
stilbene which had been kept for some time increased in 
toxicity. Fulton & Yorke (1942b) investigated the matter and 








noted that solutions of diamidino stilbene, though unchanged 
by heating for short periods and by storage for 14 days in the 
dark, are rendered considerably more toxic by relatively short 
exposure to daylight. Fulton (1943) found that other of the un- 
saturated compounds were similarly affected, and the practical 
application of this work is that solutions of the unsaturated 
amidines should be freshly prepared for use. Barber, Slack 
& Wien (1943) arrived at similar conclusions, and Henry 
(1943) has extended the observations on the toxic products of 
exposure to light, with a view to finding stable compounds. 
In the paper quoted above, Fulton & Yorke note that late 
toxic symptoms in Sudanese patients developed some time 
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after the completion of the course of treatment for kala- 
azar, and suggested toxic degeneration of the liver, and possibly 
of other organs, resulting from a cumulative toxic action. 
These drugs are known to cause fatty degeneration of the 
liver in dogs and cattle, and peculiar nervous symptoms have 
been produced in dogs. 

Napier & Sen Gupta (1942), and Sen Gupta (1943) have 
noted a neuropathic sequel of diamidino stilbene therapy, in 
which, 3-4 months after completion of treatment, there were 
sensory disturbances over the area supplied by the trigeminal 
nerve. This is probably due to toxic degeneration of the 
nerve, but tends towards slow recovery.] 
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RECENT WORK ON THE PHARMACOLOGY OF SULPHONAMIDES 


FRANK HAWKING, D.M. 
National Institute for Medical Research, London 


Under the heading of pharmacology, it is convenient to 
consider all the actions of sulphonamide compounds on the 
body of the host, excluding the detailed discussion of the 
toxic symptoms encountered in clinical practice. On the 
whole, sulphonamides are rather inert from a pharmaco- 
logical standpoint, and the greater part of any article on this 
aspect is necessarily occupied by a consideration of the 
factors involved in maintaining an optimal concentration at 
their site of action. 


Methods of Estimation 


The study of blood concentrations has been a special feature 
of the history of sulphonamides. Although methods of esti- 
mation were described at an earlier date by Fuller (1937) it is 
to Marshall and his school that we owe this special develop- 
ment, which has had most fruitful consequences. Numerous 
papers have appeared during recent years, but few of them 
contain anything new. Difficulties in the estimation of 
sulphathiazole are discussed by Sunderman & Pepper (1940). 
A simple rapid method using tablets of reagents and a wedge 
of coloured lucite to match the colour is reported by Sheftel 


(1941). The estimation in bile is described by Carryer & 
Osterberg (1942), the bile pigments being precipitated by zinc 
sulphate and potassium carbonate. Methods of micro- 
estimation are given by Churg & Lehr (1941), Jorgensen (1942) 
and Lee, Hannay & Hand (1943). Méicrotests, using a strip 
of paper impregnated with Ehrlich’s reagent (p-dimethyl- 
aminobenzaldehyde in acid), have been described for blood 
(suitable for use at the bedside) by Fuller (1942), and for 
serum by La Rosa (1943). Bogen (1943) reports a simple 
method of testing urine to see if the patient has already 
received sulphonamide (a drop of urine is placed on wood- 
pulp paper, e.g. newspaper, and a drop of hydrochloric acid 
is added; with sulphonamide a yellow colour appears). 
A method for histological demonstration in the tissues is 
given by MacKee, Herrmann, Baer & Sulzberger (1943). 
Procaine (novocaine) gives the same colour as sulphonamides 
in Marshail’s test (which can thus be used for its estimation) ; 
consequently this and other local anesthetics which contain 
the p-aminobenzoate group must not be used for the collection 
of specimens for sulphonamide estimations (Butler & Nadler, 
1941). 
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Absorption 


When sulphonamides are taken by mouth they are rapidly 
absorbed. Apparently most of this absorption occurs in the 
upper part of the small intestine, but there is evidence 
suggesting that much may be absorbed through the stomach 
wall. Usually absorption is complete before the ileocecal 
valve is reached. Sulphanilamide and sulphathiazole are 
rapidly absorbed, sulphadiazine more slowly. The absorp- 
tion of sulphapyridine is slower, less regular, and less com- 
plete than that of the other compounds (Kinsman, Moore & 
Harrison, 1940). Absorption from the large intestine can 
occur, but the rate is slower (Turell, Marino & Nerb, 1940; 
Marshall, Bratton, White & Litchfield, 1940). In cases where 
oral administration is not possible, e.g. after operation on the 
stomach, sulphanilamide may be given per rectum, but the 
amount absorbed is always uncertain and the resulting blood 
levels tend to be low (Wood, 1941). Sulphapyridine and 
sulphadiazine are both poorly absorbed from the large intes- 
tine (Peterson, Strauss, Taylor & Finland, 1941). 

If the sulphonamide is given with an empty stomach, it is 
absorbed slightly more quickly than if given after a meal ; but 
the difference is not sufficiently great to be of clinical im- 
portance or to compensate for the greater risk of nausea. 
Similarly the administration of acid or alkali at the same time 
as the sulphonamide does not appreciably alter the rate of 
absorption (Peterson & Finland, 1942; Wilson, 1943). 
When sulphapyridine, sulphathiazole or sulphadiazine are 
given by tube directly into the duodenum, absorption may be 
greatly diminished, suggesting that a considerable portion of 
the sulphonamide may reach the blood stream through the 
stomach wall ; this effect was not shown when sulphanilamide 
or sodium sulphadiazine were given (Peterson & Finland, 
1942). When very rapid absorption is required, as in 
meningitis, it has been suggested (Loughlin, Bennett, Flanagan 
& Spitz, 1943) that the sodium salt of sulphadiazine (or 
sulphathiazole) might be given while the stomach is empty, 
but the issue of the sodium sulphonamides for oral adminis- 
tration has not received the approval of the Council on 
Pharmacy and Chemistry of the American Medical Associa- 
tion, and in such cases it is better to inject the compound 
intravenously (or intramuscularly). It is claimed that the 
absorption of sulphanilamide can be accelerated by giving it 
as a solution with glucose, glycerin and sodium lactate, or with 
sodium lactate and potassium citrate, but the difference is not 
great enough to be of clinical value (Siebert & Loose, 1940). 

Sulphanilamide and the soluble preparations of the other 
sulphonamides are quickly absorbed when injected intra- 
muscularly or subcutaneously. Absorption is of course most 
rapid (instantaneous) when the compound is injected intra- 
venously. Absorption is also rapid from serous cavities, 
such as the peritoneum and pleura (Hawking & Hunt, 1942; 
Vickers, 1943), from large raw areas, e.g. burns, and from 
large wounds (depending on their size, shape and vascularity) ; 
on the average absorption from these sites is about half as 
rapid as from the alimentary canal. 


Distribution 

After absorption into the blood stream, sulphanilamide 
diffuses through the whole body. In dogs, about 4 hours 
after an oral dose, the compound is distributed approximately 
evenly through all the tissues except bone and fat, and the 
concentration in the tissues is equal to that in the blood 
(Marshall, Emerson & Cutting, 1937b). During the period 
preceding this phase of equilibrium, the concentration in the 
blood is greater than that in the tissues; following this 
phase, the blood concentration is lower than the tissue con- 
centration (Alexander, 1943). Although there is no tendency 
for the compound to be concentrated in any special tissue, 
some organs contain more than others. Thus during the 
first six hours (in rabbits) if the concentration in the blood is 
taken as 1-0, the average concentration in the liver is 1-2, 
in the kidney 2-0-3-6, in the brain about 0-6, and in the 
muscle 0-8 (Alexander, 1943). According to some figures 
of Waterhouse & Shannon (1942) for dogs, if the concentra- 
tion of sulphanilamide in the plasma is taken as 1-0, that in 
the erythrocytes is 1-4, in the lung 1-1, in the liver 1-3, in the 
pancreas 1-1, in muscle 1-1, in the cerebrospinal fluid and 
in the brain 0-6, and in nerves 0-76. In dogs, no acetylation 
occurs and all the sulphanilamide is present in the free form. 
Some figures for the distribution of sulphapyridine in the 
organs of patients dying of meningitis are given by Janbon, 
Chaptal & Lazerges (1942). 
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The distribution in the blood between the erythrocytes and 
the plasma differs somewhat with the different compounds. 
Thus if the concentration of the free form in the plasma is 
1-0, that in the erythrocytes is: 


sulphanilamide . 1-0 —2-1 

sulphapyridine . 0-6 -1-1 (Simesen, 1941a, 1941b; Rein- 
sulphathiazole 0-3 -0°4 | hold, Flippin, Schwartz & 
sulphadiazine . 0-25-0-5 Domm, 1941; Ratish, Shack- 
sulphamerazine . 0-3 | man & Bullowa, 1942 ; Murphy, 
sulphacetamide . 1-5 Clark & Flippin, 1943) 

uliron 1-0 


Similarly as regards the penetration into the cerebrospinal 
fluid, if the concentration in the plasma is 1°0, that in the 
cerebrospinal fluid (when equilibrium is reached) is: 


— (Marshall & Litchfield, 1939; 
a » 0:7 10) | Sadusk, Blake & Seymour, 1940 ; 
phapy: ; + Banks, 1941; Long, 1941; 
sulphathiazole ra 15-0-4 Reinhold. Flippin, Sc 
sulphadiazine 0-5 -0:8 cinhold, Flippin, Schwartz & 


Domm, 1941) 

(Macartney, Smith, Luxton, 
Ramsay & Goldman, 1942) 
(Murphy, Clark & Flippin, 1943) 


sulphamezathine 0-5 -0-8 


sulphamerazine . 0-3 -0-7 


(Probably the differences between the various compounds 
are due to the differing amounts “ bound” to the plasma 
proteins ; see below). Actually the ratio (concentration in 
C.S.F./concentration in plasma) is lower than these figures 
during the earlier part of treatment, when the blood con- 
centration is rising, and higher when administration of the 
drug is stopped and the blood concentration falls. Similarly, 
the concentration in peritoneal, pleural and joint effusions, 
tends to be somewhat lower than that in plasma when equi- 
librium is reached ; but there is a lag of 2-3 hours in arriving 
at this position (Cantarow, Cubberley & Rakoff, 1942). 
Prontosil rubrum enters the cerebrospinal fluid only with 
difficulty, but prontosil soluble enters more easily (Katzenel- 
bogen, Cruvant & Silverberg, 1941). The concentration of 
sulphathiazole in the fluid of infected or uninfected knee 
joints is approximately the same as that in the blood (Heyl, 
1941). As regards the eyes, when sulphanilamide is given 
to dogs, the concentration in the aqueous humour one hour 
later is about 33 % of that in the blood, rising to a maximum 
of about 61% four hours after administration (Bellows & 
Chinn, 1939); when 100 mg. sulphapyridine was applied 
locally to the conjunctiva (of rats) the concentration one hour 
later was 47 mg. per 100 cm.* in the conjunctiva, 30 mg. in 
the cornea, and only 5 mg. in the aqueous humour (P’an, 
1941). The content of sulphapyridine in the pancreatic juice 
(of cats) after its administration by mouth, is slightly less 
than that of the blood (Taylor & Agren, 1940); [for bile, 
see under “ Excretion.”] Sulphanilamide is also found in 
menstrual blood; but in the normal secretion of the cervix 
uteri it is present in such small amounts that its bacteriostatic 
action is problematic. 


The fetus. Sulphonamides pass through the placenta into 
the foetal circulation, and there are therefore possibilities of 
toxic and of therapeutic action. Speert (1943) recommends 
that in order to prevent bacterial invasion of the foetal blood 
vessels in cases of prolonged labour with ruptured mem- 
branes, and in cases where it is desired to protect the foetus 
against intrapartum infection by gonococci from the mother, 
the woman in labour should be given a single intravenous 
dose of 5 g. sodium sulphadiazine; during the next few 
hours concentrations of 9-11 mg. per 100 cm.* will be main- 
tained in the foetal blood and 10-20 mg. in the maternal blood. 
This procedure involves a possible (but low) risk of renal 
obstruction in the mother. Although prolonged treatment 
with sulphanilamide is injurious to the foetus (Adair, Hessel- 
tine & Hac, 1938; Speert, 1940), in animals or in human 
beings the danger from a single dose is probably small 
(Philipp, 1941). In 18 cases treated by Speert (1943) and in 
35 cases reported by Kayser (1941) the children appeared 
completely unharmed ; on the other hand, the baby of one 
of 13 mothers taking sulphanilamide suffered from severe 
anemia and jaundice which may have been due to the 
treatment (Heckel, 1941). 

Combination of sulphonamides with plasma proteins. Part 
of the sulphonamide in the plasma is bound in some way to 
the plasma proteins, and is not free to pass through a dialysis 
membrane. The combination to protein cannot be very 
strong, as sulphonamides are not precipitated to any large 
extent when the proteins of blood or serum are thrown down 








by trichloracetic acid in the first stage of Marshall’s quanti- 
tative test. The combination apparently involves principally 
the plasma albumin, while the globulin and lipoids are not 
concerned (Davis, 1942). The higher the concentration of 
sulphonamide, the smaller the percentage of bound drug; 
the figures below refer to blood-concentrations of the thera- 
peutic range (2-20 mg. per 100 cm.*). The amount bound 
is approximately proportional to the amount of albumin 
present. The binding is not diminished by denaturation of 
the protein with ultra-violet light (Davis, 1943). Similarly, 
red prontosil is combined with the albumin of the serum but 
not with the globulin, as was shown by Schénholzer (1940), 
using a cataphoresis technique. The extent to which this 
binding occurs differs with the different compounds, as is 
shown below (Davis, 1942 ; Heinemann, 1943): 


sulphanilamide ‘ P . 12-20% bound 
sulphapyridine ; ; . 40-45% ,, 
sulphathiazole , , . 75-80% 


sulphadiazine . 55-60 % 

Compounds similar to the sulphonamides but lacking the 
p-amino group, and acetyl derivatives of sulphonamides are 
bound to the proteins in the same way (Davis & Wood, 1942). 
Apparently the bound drug is not bacteriostatic, although, as 
the combination is loose, it forms a store of potential activity. 
The occurrence of this combination with protein probably 
explains the different distribution of the various compounds 
between plasma and erythrocytes, and between blood and 
cerebrospinal fluid, which have been described above. In 
fact the calculated distribution between blood and a dialysate 
through a membrane permeable to sulphonamides, but not 
to protein, agrees closely with that observed clinically between 
blood and cerebrospinal fluid. Such combinations with 
proteins may conceivably play a part in the production of 
such sensitization phenomena as drug-fever and specific 
skin sensitivity. 


Metabolism of Sulphonamides 


As is well known, much of the sulphonamide compound 
introduced into the body is conjugated, especially with ace- 
tate, to form acetyl derivatives which are therapeutically 
inert, although equal in toxicity to the original sulphonamide. 
Sulphanilamide and sulphapyridine are more readily acetyl- 
ated than sulphathiazole and sulphadiazine. On the average, 
about 20 % of sulphanilamide in the blood and about 25-60 % 
of that in the urine is in the conjugated state. With sulpha- 
pyridine, about 33 % (10-45 %) of the total compound in 
the blood and about half of that in the urine is acetylated in 
man (Kinsman, Moore & Harrison, 1940). With sulpha- 
diazine, the acetylated form accounts for about 10 % of the 
compound in the blood and for about 25-33 % of that in the 
urine (Peterson, Strauss, Taylor & Finland, 1941). With 
sulphathiazole, about 20 % of the compound in the blood is 
acetylated (Frisk, 1940a, 1940b), or 0-30 % (average 12 %) 
(Sadusk, Blake & Seymour, 1940). 

The site of acetylation seems to be mostly in the liver 
(Harris & Klein, 1938), though in some animals other organs 
also can bring about this conjugation. In rabbits it occurs 
only in the liver; in cats it occurs in both liver and spleen 
(Van Winkle & Cutting, 1940). Curiously, acetylation can 
also be brought about by fowl pox tissue in vitro (Goth, 1942). 
Apparently acetylation in vitro is dependent on the intact liver 
cell, and aerobic respiration is essential. Acetylation of 
sulphanilamide can be increased in mice by giving sodium 
acetate with the drug; the acute toxicity of the sulphanil- 
amide is somewhat diminished but its curative action for 
streptococcal infections is said to be unchanged (James, 
1939). It has been denied that the first step in the pro- 
cess of acetylation is the conversion of sulphanilamide into 


the p-hydroxylamino derivative-HO.HNC —SO,.NH, 


(Thorpe, Williams & Shelswell, 1940). When an acetyl- 
sulphonamide is given by mouth, some of it is deacetylated 
in the body liberating a small amount of the active sulphon- 
amide ; part of this reversal of the conjugation occurs in the 
liver (cat) (Van Winkle & Cutting, 1940), and the kidney 
(chicken) also contains an enzyme which will produce this 
effect (Shaffer, 1942). 

Besides the sulphonamide inactivated by acetylation, there 
is evidence that part is combined with other compounds 
(especially glucuronic acid), or is degraded by other chemical 
processes. Thus, if sulphapyridine is fed to rats it increases 


the output of glucuronic acid, and it is suggested that 40 % 
of the so-called *‘ free ’ sulphapyridine excreted may really 
be glucuronate (Scudi & Robinson, 1941); sulphanilamide 
does not stimulate this output of glucuronate, while sulpha- 
thiazole does so only moderately. In dogs, part of the 
sulphapyridine is excreted as a glucuronate attached to a 
hydroxyl group on the pyridine ring of sulphapyridine 
(Weber, Lalich & Major, 1943). Glucuronic acid, given to 
rats, inhibits the conjugation of sulphanilamide (Martin, 
Rennebaum & Thompson, 1941). When sulphanilamide is 
given to rabbits there is an increase in the amount of 
ethereal sulphate excreted in the urine; probably 6-12 % 
of the sulphanilamide is converted into a phenolic form— 


HO¢ —_>SO,NH,—and excreted as a conjugated sulphate 


(Shelswell & Williams, 1940). Rimington & Hemmings 
(1939) showed that part of the sulphonamide may be oxidised. 
But although these various reports are suggestive, they are 
either incomplete or lacking in confirmation, and it seems 
clear that acetylation accounts for the greater part of the 
sulphonamide which is inactivated in the body. On the other 
hand, it has been shown by Simesen (1941a) that during the 
first day (in mice) up to 50 % of the sulphanilamide may be 
destroyed in some way at present unknown, while 40-50 % 
of sulphathiazole and of sulphacetamide is destroyed in this 
time ; 40-50% of sulphapyridine is destroyed in 2-3 days, 
and 70 % of uliron in 3-4 days. Alexander (1943) has con- 
firmed this by giving sulphanilamide to mice and analysing 
the amount found in the excreta and in the (minced) body 
after various periods. 


Excretion 


i. Urine. The main excretion of sulphonamides is through 
the kidney, the amounts passing out by other routes being 
comparatively insignificant. Part is excreted unchanged and 
part as the acetyl derivative, as has been described above. 
Apparently sulphanilamide passes out from the plasma into 
the glomerular filtrate and some of it is reabsorbed in the 
tubules. In dogs, the sulphanilamide clearance is 20-30 % 
of the creatinine clearance (only slight reabsorption in the 
tubules), so presumably 60-70 % of the sulphanilamide in the 
glomerular filtrate is reabsorbed. The clearance is inde- 
pendent of the plasma level, but increases as the flow of urine 
is increased. In rabbits, the clearance of sulphanilamide is 
30-40 % that of creatinine and inulin, but the clearance of 
acetyl sulphanilamide is the same as that of these two com- 
pounds ; presumably acetyl-sulphanilamide is not reabsorbed 
in the tubules (Loomis, Hubbard & Koepf, 1943). The 
average renal clearances in man for the original sulphon- 
amides and their acetyl derivatives respectively are : 


sulphapyridine . 23 and 58 cm.’ of plasma per minute 
sulphathiazole . 43 ,, 55 ,, 4, 5, *” ” 
sulphadiazine . 31 ,, 59 ,, 5» 9» - * 


i.e. the amount of compound present in this volume of plasma 
is excreted by the kidney per minute. 

As regards the proportion of the dose excreted in the 
urine various estimations have been given: 

Sulphapyridine (usual clinical dosage): 60-90% (Frisk, 
1940a); or about 30% (22-56%) (Kinsman, Moore & 
Harrison, 1940) appears in the urine, about half being in the 
conjugated form. 

Sulphathiazole : Daily excretion amounts to 75 % of the 
intake (Simesen, 1941b), to 86-92% of the intake (Frisk, 
1940b) or to 100 % (Spink & Hansen, 1940). 

Sulphadiazine: When 4-5 g. is given orally, 60% is 
excreted in urine in 24 hours, and 75 % in 72 hours ; a quarter 
to a third is in the conjugated form (Peterson, Strauss et al., 
1941). Other data are given by Ratish, Shackman & Bullowa 
(1942); Reinhold, Flippin et al. (1941); and Sadusk, Blake 
& Seymour (1940). When it is desired to increase the ex- 
cretion of sulphadiazine (e.g. because of agranulocytosis) 
sodium bicarbonate should be given; to decrease the con- 
centration in the urine (e.g. because of renal complications) 
large volumes of 5-10 % glucose should be injected intra- 
venously or much water may be given by mouth ; intravenous 
injection of saline is less effective (Peterson, Goodwin & 
Finland, 1943). 


ii. Faces. The work of Marshall, Bratton et al. (1940) 
on sulphaguanidine and the treatment of bacillary dysentery 
has directed attention to the amount of sulphonamide 
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appearing in the feces. Practically all such compound 
represents the portion which has not been absorbed during 
passage down the alimentary canal; very little represents 
true excretion by the bile or by the mucous membrane of the 
large intestine. Thus, when sulphaguanidine is injected sub- 
cutaneously into cats, only very small amounts appear in the 
feces (Hawking, 1942b). When given as a short therapeutic 
course to man, sulphapyridine, sulphathiazole, sulphadiazine 
and sulphanylbenzamide reach the feces only in small 
concentrations, e.g. 0-70 mg. per 100 cm.* (Hawking, 
1942a). Uliron apparently reaches the feces in about the 
same amount as sulphaguanidine ; when 12-18 g. is given 
during 6 days, about 7 g. appears in the feces and about 3+ g. 
in the urine (Reimers, 1939 ; Marquardt, 1938). But no report 
on the use of uliron for bacillary dysentery has appeared. 

iii. Bile. Sulphanilamide and other sulphonamides appear 
in the bile only in concentrations about the same as those in 
the blood ; no large amount of the acetyl derivative appears, 
so that, although it is formed in the liver, it is not excreted 
by this route (Hubbard & Anderson, 1940; Spink, Bergh & 
Jermsta, 1941; Hubbard & Butsch, 1941). Accordingly 
sulphonamides are unlikely to have any special influence in 
cholecystitis, beyond their general influence on inflammation 
anywhere in the body. 

iv. Other secretions. Sulphonamides appear in most of 
the other excretions and secretions in concentrations similar 
to those of the blood. Sulphapyridine injected parenterally 
appears in the gastric juice (apparently by a process of 
physical diffusion, Davenport, 1942), and this may be the 
explanation of the vomiting which may occur in such patients. 
Sulphathiazole appears in the tears in concentrations of 
0-1-1-0 mg. per 100 cm.*, but this is not the direct cause 
of the conjunctivitis which sometimes develops ; such con- 
junctivitis is probably due to acquired sensitivity (Turkell & 
Wilhelm, 1941). 

v. Milk. Sulphonamides appear in the milk of lactating 
women in amounts similar to those of the plasma. Thus 
during a therapeutic course, the milk may contain sulphanil- 
amide up to 9 mg. per 100 cm.* (Hepburn, Paxson & Rogers, 
1942), sulphapyridine 3-13 mg. per 100 cm.* (Féllmer, 1941), 
or sulphathiazole 0- 5-1-5 mg. per 100 cm.* (Rieben & Druey, 
1942), and the infant may receive sulphapyridine 30-40 mg. 
per day or sulphathiazole about 4 mg. per day. Other studies 
have been made by Cibils Aguirre, Calcarami, Aguilar 
Giraldes & Berisso (1942). It is the general opinion that the 
amount appearing in the milk of the mother is too small to 
exert any effect, toxic or therapeutic, upon the infant. 


Blood Concentrations 


The table shows typical blood-concentrations following 
the administration of the different sulphonamides : 





Blood Concentration 
mg. per 100 cm.? 


Compound Dose Reference 
Free Total 
Sulphanil- 42. 4* 
amide | 
Sulpha- | 2-4 &. 2 (0°5-5-0)* 26 Kinsman, Moore 
pyridine | 2-4g.followed | 4-2-6°5 5°6-8°6 & Harrison 
by I g. 4- (1940) 
hourly 
Sulpha- 1g. 4-hourly | 4-6 (1-6~-8-7) Melton (1941) 
thiazole | 2 ,, >» 6 (2-2-13°2) 
3 » ” 6°5 (3°0-9°6) 
Sulpha- | 2. 2-0-3°3* | Ratish, Shack- 
diazine | 5g. 3°6-5°5* man & Bul- 
lowa (1942) 
4-5 &. 8-5(6-7-10°8)| 9:9 (7:9— | Peterson, Strauss 
(after 24 hours 12-6) | etal. (1941) 
2-4 
3 g. followed | 9-5(4-4-19-0) 11°3 Reinhold, Flip- 
by 1 g. 4- pin et al. 
hourly (1941) 
Sulpha- — 4 g. followed | 6 (2-13) Macartney et al. 
mezathine | by 2 g. 6- (1942) 
| hourly 
Sulpha- _—_| 3 g. followed | 10-3 (3-5- Murphy, Clark 
merazine | byt1 g. 6-8- | 15°0) & Flippin 
hourly (1943) 
Sulpha- — | 1-7 g. 1*5-4°0* Marshall, Brat- 
guanidine | tonetal.(1940) 
Succinyl 17 g. followed | 0-5-1-0 (sul- | 1-0-2-0 Poth & Knotts 
sulpha- yY 3 g 4- |  phathiazole)| (succinyl (1942) 
thiazole hourly sulpha- 
thiazole) 
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* Blood concentration at about 4 hours after single dose is taken. 
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Solubilities of Sulphonamide Compounds 


The solubilities of the various sulphonamide compounds 
and their acetyl derivatives are often important. The table 
shows the solubilities of the sulphonamides and their acetyl 
derivatives in mg. per 100 cm.*. 





| Water | w, . Urine 
Compound 16- wre me 37°C 
17° C,|37 %|37 &! Acid Alkaline 
Sulphanilamide . - | 440 1500 | 1970 1500 
Sulphapyridine . ‘ a7 CI 52 61 39 89 
: (pH 5:4) (pH 8-2) 
Sulphathiazole . ‘ 36 96 | 184- 102 359 
—_— | 330 | (pH 5-4) (pH 8-2) 
Sulphadiazine 7°83 15 160 18 $2 
ee (pH 5:5) (pH 7°5) 
Sulphaguanidine 220 220 
(pH 7-1) 
Sulphacetamide . ‘ 460 | 1100 2200 
Succinyl sulphathiazole 70 
Sulphamezathine 2 190 191 297 
’ . (PH 5:5) (pH 7°5) 
Sulphamerazine . ‘ 110 
o- (pH 7:0) 
Acetyl sulphanilamide. 534 
»»  sulphapyridine . 24 33 Ir 89 
é (pH 5-4) (pH 8-2) 
>»  sulphathiazole . 6 104 10 265 
i (pH 5-4) (pH 8-2) 
»  Ssulphadiazine . 30 | 126- 26 248 
am 198 | (pH 5°5) (pH 7-5) 
»  sulphaguanidine 40 81 
(pH 7:1) 
»»  sulphameza- 11s 115 176 
thine (pH 5°5) (pH 7:5) 


»  sulphamerazine 330 
(pH 7:0) 





The solubility of the compounds named above is greatly increased 
by making the fluid alkaline. Acetyl sulphacetamide is not involved 
in the excretion of sulphacetamide, which is eliminated as a mixture of 
sulphacetamide, sulphanilamide and acetyl sulphanilamide. 

The sodium salts of the sulphonamides are extremely soluble, up 
to about 1 part in 3. 


Action on Various Organs 


Examined by the methods of classical pharmacology, 
sulphonamides are comparatively inert and sulphanilamide 
has no effect upon intestine, uterus, heart or blood pressure. 
Given in toxic doses to laboratory animals, it depresses the 
cerebral cortex and excites subcortical centres, producing 
coma followed by a condition resembling decerebrate rigidity 
(Hawking, 1937; Marshall, Cutting & Emerson, 1938). 
A case has been recorded (Cutts & Bowman, 1941) of a man 
who was given by mistake 30 g. sodium sulphapyridine 
during a 10-hour period. The main nervous symptoms were 
restlessness, vomiting and hiccough, but no convulsions, 
twitching or loss of mental lucidity. When monkeys are 
given repeated sublethal doses of sulphapyridine or sulpha- 
thiazole, a characteristic symptom-complex is produced, 
consisting of anorexia, increasing nausea, with or without 
vomiting, and diarrhoea. The commoner toxic effects which 
occur in man are too well known to require detailed descrip- 
tion. They may be classified as: Irritation of alimentary 
canal (nausea and vomiting) ; effects on blood cells and bone 
marrow (hemolytic anemia, agranulocytosis, thrombocyto- 
penia); effects on blood pigments (cyanosis, methemo- 
globinemia, sulphemoglobinemia); sensitization pheno- 
mena (drug-fever, skin rashes); degeneration of particular 
organs (jaundice and liver damage, peripheral neuritis) ; and 
effects on the brain (mental depression, headache and 
dizziness). 


Effect on Acid-Base Balance 


Sulphanilamide tends to cause a shift in the reaction of the 
body fluids towards the acid side, bicarbonate being lost from 
the blood. It has been shown that this effect is primarily 
due to the renal excretion of more bicarbonate (i.e. the 
kidney cells reabsorb less bicarbonate from the glomerular 
filtrate as it flows down the tubules) (McChesney, Sprague & 
Marshall, 1941 ; H6ber, 1942); while the hyperpnoea gnd 
loss of carbon dioxide from the lungs is a secondary com- 
pensation. Accordingly, this effect can be corrected for 
clinical purposes by giving sodium bicarbonate in doses equal 
to those of sulphanilamide. There is some evidence that 
this action of sulphanilamide may possibly be connected 
with the ability of sulphanilamide to inhibit carbonic an- 
hydrase, the enzyme which catalyses the liberation of carbon 
dioxide from the carbonate of the plasma ; as was shown by 
Mann & Keilin (1940), this enzyme is strongly and reversibly 
inhibited by sulphanilamide, but not by sulphonamides in 
which substitutions have been inserted on the —SO,.NH, 
group, e.g. sulphathiazole. A blood concentration of 3-4 mg. 
sulphanilamide per 100 cm.* does not affect the excretion of 


A3 








carbon dioxide from the lungs in men at rest, but in exhausting 
exercise there is some hindrance; and men taking 2-3 g. 
sulphanilamide daily are handicapped mentally and physically 
when required to perform exacting or strenuous work 
(Roughton, Dill, Darling, Graybiel, Knehr & Talbott, 1941). 
On the other hand, men taking 2-4 g. sulphathiazole or 
sulphadiazine are not handicapped in this way (Roughton, 
Darling, Forbes, Horvath, Robinson & Talbott, 1942). 


Other Actions 

Sulphapyridine has some antipyretic action, which may 
partly account for the rapid fall of temperature which it 
causes in patients with pneumonia (Nicolai, 1941). The 
action of sulphonamides on isolated tissue cells, and their 
behaviour when applied locally to wounds has been described 
by Hawking (1943). 

Relation to Diet 

In laboratory animals which have been placed on a high- 
protein diet, compared with those on a low-protein diet, 
the toxicity of sulphonamides is diminished, but so also is 
their therapeutic action against streptococcal infections ; 
apparently the high-protein diet produces increased excretion 
of the sulphonamides, and the blood concentration is there- 
fore lower than usual. These facts are important for the 
standardization of laboratory tests, but not for clinical pur- 
poses (Smith, Lillie & Stohlman, 1941; Rosenthal, 1941). 
When rats are placed on purified diets containing sulpha- 
guanidine or succinyl sulphathiazole (which suppress the 
growth of coliform bacilli of the large intestine) growth is 
diminished and various pathological lesions are caused, 
e.g. aplasia of the bone marrow, hyaline sclerosis of blood 
vessels and viscera, dermatitis, and hypertrophy of the thyroid 
gland. It is considered that these effects are probably due to 
lack of substances such as folic acid, which are synthesized 
by the bacteria of the large bowel (Ashburn, Daft, Endicott 
& Sebrell, 1942; Black, Overman, Elvehjem & Link, 1942; 
Mackenzie, Mackenzie & McCollum, 1941). 


Notes on the Pharmacology of Some Newer Sulphonamides 
Sulphamezathine: —[2(p-aminobenzene-sulphonamido)-4 : 6-di- 
methyl-pyrimidine]. 


N—C—CH, 

H,N— —SO,.NH—C CH 
zz 
N—C—CH;, 


Synthesized by Sprague, Kissinger & Lincoln, 1941, and by others, 
and introduced (as sulphamethazine) for clinical use by Macartney 
et al. 1942. More soluble than sulphadiazine or sulphamerazine. 
Rapidly absorbed from the intestine, but slowly excreted, so that a 
high blood-concentration can be produced by moderate dosage. 
When 4 g. is given by mouth for pneumonia, followed by 2 g. 
every 6 hours (or | g. every 4 hours), the blood-concentration of 
free sulphonamide reaches 8 mg. per 100 cm.* in 1-3 hours and the 
subsequent blood level ranges from 2-13 (average 6 mg.) per 
100 cm.*. The total recovery in the urine is usually about 50% 
of the amount ingested. Judged according to equal blood- 
concentrations, the toxicity and therapeutic potency are similar 
to those of sulphadiazine. Although both sulphamezathine and 
its acetyl derivative are comparatively soluble, one case of 
hematuria and one of urinary suppression occurred in a series of 
77 patients (Peters & Easby, 1943). 

Sulphamerazine: —[2(p-aminobenzene-sulphonamido)-4-methyl- 
pyrimidine]. 


N—C—CH, 


s—SO,.NH—C CH 
— | | 
N=CH 


Synthesized by Roblin, Williams, Winnek & English (1940). At 
first’ it was not tried clinically for fear that, as a methyl de- 
rivative, it might cause peripheral neuritis (cf. uliron and sulpha- 
methylthiazole); but this fear has been shown to be unfounded 
and it has been the subject of many American papers both pharma- 
cological (Goodwin, Peterson & Finland, 1942 ; Welch, Mattis, 


H,N— 
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Latven, Benson & Shiels, 1943; Murphy, Clark & Flippin, 1943) 
and clinical (Clark, Flippin & Murphy, 1943; Gefter, Rose, 
Domm & Flippin, 1943 ; Hall & Spink, 1943 ; Hageman, Harford, 
Sobin & Ahrens, 1943). 

Sulphamerazine is more quickly absorbed than sulphadiazine 
and more slowly excreted than sulphamezathine, and its blood- 
concentration therefore rises more quickly and is longer sustained 
than those of these two other compounds. A dosage of 3 g. 
(initial) by mouth and 1 g. every 6-8 hours produces a blood- 
concentration of 8-10mg. per 100cm.*. In the blood, 9-15% of the 
drug is in the acetylated form, and in the urine 37-50%. Urinary 
excretion accounts for 40 °% (average) of the ingested drug within 
24 hours and 58 % within 48 hours. With equal blood-concen- 
trations, the toxicity and therapeutic activity are closely similar to 
those of sulphadiazine, but an adequate blood-concentration can 
be maintained by lower and less frequent dosage than in the case 
of sulphadiazine. An average blood-concentration of 27 mg. (but 
not of 32 mg.) per 100 cm.’ can be tolerated by monkeys for long 
periods. Although the solubility of sulphamerazine and acetyl 
sulphamerazine is relatively high, giving rise to the expectation 
that renal complications would be infrequent, 6 cases of definite 
renal symptoms occurred in about 400 cases. 


Sulphapyrazine : (2(p-aminobenzene-sulphonamido)-pyrazine]. 
CH—NH . 
H,N—~ >—SO,. NH—C< CH 
NH—CH 


Small doses of this compound lead to a relatively high blood- 
concentration while large doses cause no corresponding increase. 
Consequently, at a low dose level, sulphapyrazine is more active 
than other sulphonamides, but at a high dose level this advantage 
disappears. Absorption is somewhat irregular, making its thera- 
peutic effect uncertain ; this irregularity would be a handicap for 
clinical use. As absorption in the intestine is incomplete, large 
proportions of the ingested dose reach the feces, and this com- 
pound would therefore appear to be suitable for the treatment of 
bacillary dysentery; but no clinical reports have yet appeared 
about its use for this condition (Ruegsegger, Hamburger, Turk, 
Spies & Blankenhorn, 1941; Schmidt & Sesler, 1943; White, 
1942). 


Sulphaguanidine : [p-aminobenzene-sulphonyl-guanidine]. 


Ri NH, 
‘SO,.N=C¢ ,H,O 
; NH, 


Sulphaguanidine is poorly absorbed when given by mouth, and a 
considerable portion appears in the fieces, this being the reason 
which led to its use in the treatment of bacillary dysentery. After 
doses of 1-7 g. per 70 kg. man, the blood-concentration (free) is 
about 1-5-4 mg. per 100 cm.%, the peak occurring after about 
4 hours; about 25-30% of the compound in the blood is acety- 
lated. The proportion excreted in the urine after a single dose of 
1-7 g. is 10-60 %, of which two-thirds are free and one-third is 
acetylated (Marshall, Bratton ef a/., 1940). After a course of 
9 g. during 24 hours to a patient, 1-3 g. was recovered from the 
feces, and 3-1 g. from the urine in 48 hours (Hawking, 1942a). 
Penetration into the cerebrospinal fluid is low. In dehydrated 
patients with dysentery in the British army in Egypt, sulphaguani- 
dine has occasionally caused blockage of the urinary passages. 
(See also Hawking, 1942b.) 

Succinyl sulphathiazole (sulphasuxidine): [2-(p-succinyl-amino- 
benzene-sulphonamido)-thiazole]. 


ff 


H,N— 4 


S—CH 


| 
HOOC.CH,.CH,.CO.NH.( — SO,.NH—C CH 


N 

This compound, which was introduced by Poth & Knotts (1941), 
is broken down in the intestine, liberating small amounts of 
sulphathiazole ; the growth of the coliform bacilli (but not that 
of the streptococci) in the large intestine is thereby suppressed and 
the feces become semi-fluid and odourless ; about 2-4 motions 
are passed per day. The compound is recommended for dysentery 
and for the preparation of patients before undergoing operations 
on the large intestine. The standard dosage in man is 0-25 g. 
per kg. initially, and 0-04 g. per kg. 6 times daily for maintenance. 
The urine contains about 5 % of the total dose administered. The 
blood contains about 0- 5-1-0 mg. free sulphathiazole per 100 cm.* 
and 1-0-2-Omg. total (i.e. acetyl sulphathiazole plus succinyl 
sulphathiazole) (Poth & Knotts, 1942; Poth, 1942). 
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NOTE ON THE BIOLOGICAL STANDARDISATION OF NEOARSPHENAMINE 


FRANK HAWKING, D.M. 
National Institute for Medical Research, London 


Arsphenamine, or salvarsan, the first important chemothera- 
peutic preparation to be discovered, was introduced by 
Ehrlich in the early years of the century. After the war of 
1914-18, an improved modification of it, neoarsphenamine, 
became the main remedy for syphilis. As both these com- 
pounds were non-crystalline substances, they could not be 
purified and identified by the ordinary methods, and chemical 
tests failed to detect the obscure differences which might lead 
to wide and dangerous variations in toxicity between different 
batches of the same product. Accordingly, biological tests 
were necessary to ensure (i) that a given batch was not 
abnormally toxic, and (ii) that it was not deficient in the proper 
therapeutic activity, as evidenced by its action on laboratory 
infections of Trypanosoma equiperdum in mice. 

At first the biological tests were arbitrarily chosen on an 
empirical basis, and they differed greatly from one country 
to another. This position was radically altered by the 
meeting of the International Conference on Biological 
Standards at Geneva in 1925. The Conference recommended 
(i) that standard preparations of each of the main compounds 
of the arseno-benzene group should be produced, and (ii) that 
each batch of the remedy manufactured by the industrial 
firms should be tested, so as to show that its toxicity and its 
therapeutic potency did not diverge too far from that of the 
standard preparation. At a later Conference it was agreed 
that manufactured batches issued for clinical use should not 
diverge from the standard by more than 20%. The practical 
implications of these recommendations were worked out in 
1929 by Durham, Gaddum, & Marchal of the Department 
of Biological Standards of the Medical Research Council ; 
they determined the dose-response curve for neoarsphenamine, 
using large numbers of mice, and subjected the data to statisti- 
cal analysis. Later the statistical aspects were developed in 
greater detail by Gaddum (1933). The International Standard 
Preparation of neoarsphenamine was prepared in the first 
place by Professor Kolle of the Georg Speyer Haus, Frankfurt, 
and samples of it were issued to the Department of Biological 
Standards in each of the main manufacturing countries. 
In each country a subsidiary standard was prepared, identical 
in toxicity and therapeutic potency with the International 
Standard Preparation, and this subsidiary standard was used 
for routine purposes. At the outbreak of the present war 
in 1939, the available supplies of the original International 
Standard Preparation were limited, so a new standard 
preparation was obtained in Great Britain ; it was examined 
by biological assay in the Department of Biological Standards 
of the Medical Research Council, and in other British 
laboratories, and was shown to be identical in toxicity 
and therapeutic potency with the previous International 
Standard Preparation. Ampoules of this product were 
stored in several different parts of the country, so as to escape 
complete annihilation during air-raids ; and this preparation 
is now available for standardisation in Great Britain and other 
countries as it is required. 


Biological Testing in Britain 
The various International Conferences on Biological 
Standards left the exact details of the biological tests to 
be regulated by the appropriate authority of each country 
according to its discretion. The tests for undue toxicity 
adopted in Great Britain from 1932 onwards have been as 
follows : 


i. Tests on mice. A dose of 0-3 cm.* of a 2% solution of 
the sample of neoarsphenamine is injected intravenously 


into 10 mice, weighing 13-15 g. If not more than 2 mice 
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die within 3 days, the batch is passed without further test. 
If more than 2 mice die, 20 more mice are treated; and 
if not more than 15 mice out of the total of 30 mice die, 
the batch is passed. Under the conditions of the assay 
(which are minutely prescribed) it was initially calculated 
that this test ought to be passed by almost all batches having 
a toxicity not greater than 120 % of that of the International 
Standard Preparation. 

ii. Tests on rats. A dose of 0-225 mg. per g. body weight in 
5 % solution is given intravenously to each of 5 rats weighing 
about 100 g. It is expected that none of these animals shall 
die within 7 days. This test was introduced to detect certain 
irregularities (e.g. the formation of toxic large colloidal 
aggregates in solution) which escaped detection by the mouse 
test, to which it is really secondary. 


Control of Manufacture and Marketing 


British firms may manufacture neoarsphenamine for 
commercial issue only after they have received a licence from 
the Ministry of Health ; such licences are granted only after 
the firm has shown that it is capable of preparing a product 
of the required high standard, and after its premises have been 
inspected and found satisfactory. At the present moment, 
four British firms hold these licences. The official tests are 
carried out by the pharmacologists of the firm for each batch 
of the product, and the experimental protocols are submitted 
for inspection to the Department of Biological Standards 
of the Medical Research Council. In certain cases the 
Department may carry out additional tests of its own. When 
the Department is satisfied that the batch has passed the 
official tests, it issues a licence allowing the commercial sale 
of the batch in question. 


Results of Further Experience 


When the regulations for these tests were laid down it was 
assumed that the sensitivity of mice, maintained under uniform 
conditions, was a constant quantity, i.e. that a given dose 
administered to a large group of mice would always cause the 
same mortality. Further experience has shown that this 
assumption is not altogether correct, and that the sensitivity 
of mice can be modified by any change in their environment 
or past history. Many aspects of the matter were investigated 
by Miss W. I. Strangeways, of the Department of Biological 
Standards. The sensitivity of a group of mice depends upon 
the breed of the mice, upon their age, weight, diet and other 
circumstances. It is also affected by the interval between 
the last feeding time and the administration of the drug, by 
the temperature of the room and by the concentration of the 
solution of neoarsphenamine used. Attempts have been 
made to exclude as many as possible of these sources of error 
by minutely prescribing the conditions of maintenance of the 
mice before, during, and after the test; but it is clear that 
these measures are not altogether satisfactory. The only way 
in which the test can be carried out accurately, is to make a 
direct comparison between the tested batch and a standard 
preparation at each time of testing. Since the influence of 
the environmental factors is the same for both compounds, 
the errors due to them are excluded by this means. A direct 
comparison of this kind is already made by some of the firms 
which manufacture neoarsphenamine and, after the war, the 
official tests will be modified so that this will be the case. 

The test for therapeutic potency, which was in force from 
1932 onwards, depended on administering the product under 
test and the standard preparation in dosages of 0-03 mg. 
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and 0-025 mg. per g. to groups of 5 mice, one group for each 
dosage of each preparation, i.e. 4 groups in all. The mice 
carried a suitable infection of Trypanosoma equiperdum. The 
blood of the mice was examined on the seven succeeding days, 
and it was required that the product under test should show 
a curative action “ not significantly less potent ” than that of 
the standard. In borderline cases, the interpretation of the 
phrase “ not significantly less potent’ was often difficult, 
the test was not suitable for statistical analysis, and some of 
the details of counting the trypanosomes in the blood of 
the infected mice were unduly laborious. 


Reorganisation of the Tests 
In view of the considerations discussed above, the tests 
were reorganised in 1942. Details of the new arrangement 


of the tests have recently been published by the writer 
(Hawking, 1943). By means of these tests, the safety (freedom 
from abnormal toxicity) and therapeutic efficiency of all 
batches of neoarsphenamine manufactured and issued for 
use in Great Britain is assured. 
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REVIEW OF SELECTED PAPERS 


Modes of Drug Action 


The papers which are reviewed in this section were read at a 
discussion held by the Faraday Society on “‘ Modes of Drug 
Action.” The discussion, with Professor E. K. Rideal in the 
Chair, opened with a General Introductory Address (1943, 
Trans. Faraday Soc. 39, 319) by Sir Henry Dale, President 
of the Royal Society and former Director of the National 
Institute for Medical Research. Sir Henry welcomed the 
growing interest shown by physical chemists in medical research 
problems. It was a truism to say that future explanations of 
life processes would be expressed in terms of complicated and 
labile physico-chemical systems. There had been a tendency 
to over-simplification in interpretations of the effects of chemical 
substances on physiological functions. 

Paul Ehrlich was the great pioneer of that aspect of the 
subject which dealt with the chemotherapy of infections. His 
conceptions and terminology still had value as a framework 
for working hypotheses, but should not be confused with 
reality. Referring to the study of progressive changes in the 
actions of series of related compounds, Sir Henry said that 
anomalies might prove of more fundamental interest than 
regularities. 

He then paid a tribute to the value of the work of the late 
Professor Warrington Yorke, and referred particularly to his 
investigations on arsenic-resistance in trypanosomes. He con- 
cluded by pointing out that the papers to be read provided 
evidence of a definite advance in knowledge of the subjects 
under discussion. For example, in place of labels for hypo- 
thetical mechanisms, there was a more realistic conception of 
interference with vital enzyme systems. The present con- 
vergent attack by so many different kinds of experts held promise 
of important gains to knowledge. 


296 


BIOLOGICAL ASPECTS : the Antagonism of Drugs 
by J. H. Gaddum, Transactions of the Faraday Society, 39, 
323-333, December 1943 


Many recent advances in our knowledge of how drugs act 
are based on quantitative studies of the extent to which one 
drug can suppress or “ antagonise””’ the action of another 
drug. Such an antidote may counteract the effect of a poison 
(or other drug) in different ways. The two most important 
ways are by neutralisation (i.e. changing the poison into an 
inert compound by combining with it or by some other means) 
or by competition (i.e. competing with the poison for com- 
bination with certain hypothetical chemical groups which 
are in some way essential to the life of the tissue). 

i. Antagonism by neutralisation. A good example of this 
is the neutralisation by compounds containing —SH groups 
of the effects of mercuric chloride or organic arsenical com- 
pounds. Chick (1908) has shown that the lethal action of 
mercuric chloride upon bacteria can be reversed (if this has 
not gone too far) by the addition of hydrogen disulphide 
(H—SH). Voegtlin (1925) showed that the lethal action 
of compounds of the type R—As=O upon trypanosomes 
or upon rats could be prevented by the presence of —SH 
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compounds. Fildes & Richardson (1937) have shown that 
Staphylococcus and other organisms require —SH com- 
pounds for growth. It has been suggested that mercuric 
chloride and organic arsenical compounds combine with 
—SH groups in the organisms. In this way the —SH group 
is “‘ blocked” or rendered inert, and the organism can no 
longer continue the processes necessary for life. On the other 
hand all the observed facts can equally well be explained by 
the view that the —SH compounds act by combining with 
the poison (mercuric chloride or arsenical) outside the cell, 
and thus diminishing the quantity of poison left to act on 
the organism. A considerable excess of the —SH compound 
is required to prevent action, e.g. about twice as much 
glutathione as arsenical compound. As neutralising anti- 
dotes can act only by reducing the concentration of free 
poison (which can be done also by mere dilution) their study 
is unlikely to lead to new pharmacological knowledge. 

ii. Antagonism by competition. Many drugs are believed 
to combine with certain hypothetical receptors in the cell, as 
a necessary first stage of their action. After this combination 
has been formed, the drug may produce some specific pharma- 
cological effect or it may merely “‘ block up” the receptor 
and prevent its use by some more active drug. This process 
of competition and of blocking has long been known to 
students of enzymes. Often substances chemically allied to 
the normal substrate of the enzymes will combine with it and 
block it in this way. The best known example discovered 
by Woods (1940) is the way in which sulphanilamide com- 
petes with p-aminobenzoic acid for combination with some 
receptor which is essential for the normal multiplication of 
the bacterium. Another example, which has been studied 
in great detail, is the competition between oxygen and carbon 
monoxide for combination with hemoglobin ; in this instance 
carboxyhemoglobin is 240 times as stable as oxyhemoglobin 
and accordingly carbon monoxide is 240 times more active 
than oxygen in this reaction. 

The author gives mathematical equations to express the 
quantitative relations between each of these kinds of poison 
and antidote. But the two types of curve are fairly similar, 
and it would probably not be possible to distinguish between 
the two types of antagonism by a study of the quantitative 
relationships. The distinction can be made only from 
independent evidence that the drugs combine with one 
another, or that they are likely to compete. 

Other types of antagonism between drugs are also known, 
For example, indole-acrylate inhibits the growth of certain 
bacteria, apparently by interfering with the formation of 
tryptophane from indole; a small amount of tryptophane 
completely antagonises this inhibition of growth because the 
source of obstruction (of production of tryptophane) is thus 
circumvented. 
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THE CELL METABOLISM OF THE MALARIA PARA- 
SITE IN RELATION TO THE MODE OF ACTION OF 
ANTIMALARIAL DRUGS 


by S. R. Christophers, Transactions of the Faraday Society, 
39, 333-339, December 1943 


The author, Sir Richard Christophers, F.R.S., is well known 
for his important work in India on malaria. Since his 
return to England he has worked on this subject in London 
and at Cambridge. 

Investigations on the metabolism of malaria parasites were 
commenced by Christophers & Fulton (1938) and their results 
have since been confirmed and extended by various American 
workers. Most of the work has been done with Plasmodium 
knowlesi, a parasite which is virulent for certain monkeys, 
but bird plasmodia have also been used. The whole blood 
from a heavily infected monkey or bird may be used, or the 
parasites can be separated from the blood corpuscles and 
obtained without great damage in a free state. The parasites 
or parasitised blood are placed in a Barcroft differential 
manometer, and the oxygen consumption is measured in the 
usual way. By these means it has been established that : 


i. Suspensions of parasites consume oxygen at a high rate, 
much higher (e.g. 300) than does normal blood. 

ii. The uptake of oxygen is proportional to the amount of 
parasites present and to their stage of development. 

iii. The uptake is much greater (x 10) with the large 
forms of the parasite than with the small ones. 

iv. The uptake can be inhibited by even minute traces of 
certain drugs. 

The oxygen uptake is about 2-17 ml. per 10" parasites 
per hour; this is about } of the oxygen consumption of 
trypanosomes, which, however, are much larger. Glucose is 
utilised, but the oxygen consumption of malaria parasites 
does not depend so closely upon the supply of glucose, as does 
that of trypanosomes. The malaria parasites use glucose at 
the rate of 18 mg. per 10'° parasites per hour, and one mole- 
cule of oxygen is used for each molecule of glucose consumed. 
Half of the glucose which is destroyed is converted into lactic 
acid, and the other half is incompletely oxidised. In addition 
to glucose, levulose, maltose, mannose, glycerol and lactate 
can be used by the parasites, but not other sugars. The 
respiratory quotient is about 0-78-0-86, which shows that 
much of the energy is derived from the oxidation of carbo- 
hydrate. This is in contrast to the respiratory quotient of 
trypanosomes, which is only 0-2, indicating that much 
of their metabolism is anaerobic. Acid is liberated by 
plasmodia to a varying extent. The oxidation process 
can be inhibited by cyanide, and it is probable that an 
enzyme-system containing hydrogenase and cytochrome is 
concerned. 

The action of drugs which kill the parasites probably 
depends upon their interference with enzyme-systems; at 
any rate this forms a good working hypothesis. Antimalarial 
drugs such as quinine, atebrin and plasmoquin actively 
inhibit the oxygen consumption of P. knowlesi, just as they 
exert a therapeutic action upon malaria in vivo. Sulphanil- 
amide, sodium sulphathiazole and sodium sulphapyridine are 
as active in inhibiting the oxygen consumption in vitro as 
they are active in curing the infection in vivo (Coggeshall & 
Maier, 1941). 

These investigations are not likely to lead to the discovery 
of a new antimalarial drug by some short and easy way ; but 
they are especially important because they may show what 
particular link in the cell respiratory mechanism is broken 
by a certain type of inhibiting drug, e.g. quinine, atebrin, etc. 
If this were discovered, the biological chemotherapist would 
be in a much better position to collaborate with the organic 
chemist in his synthesis of new anti-malarial compounds. 
All drugs probably do not act in the same way, but quinine, 
mepacrine (atebrin) and plasmoquin probably all act as 
described. The most outstanding feature of all these three 
compounds is that they are complex organic bases. Diminu- 
tion of their basic groups diminishes their therapeutic 
activity. The dissociation constants (pK) and the solubility 
of the compounds determine most of the reactions of any 
given base in a test tube. The author considers that possibly 
the inhibitory and antimalarial effects of these compounds are 
an indirect effect of their basic character rather than a direct 
result of their molecular structure. 
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THE BLOOD-BRAIN BARRIER AND CEREBRO-SPINAL 
FLUID IN RELATION TO THE EFFICACY OF 
SLEEPING-SICKNESS DRUGS 


by E. M. Lourie, Transactions of the Faraday Society, 39, 
340-348, December 1943 


The author of this paper is Head of the Department of 
Chemotherapy at Liverpool School of Tropical Medicine. 

Sleeping sickness, or human trypanosomiasis, is due to 
infection with Trypanosoma gambiense. The infection de- 
velops in two stages. In the first stage the trypanosome 
occurs in the blood, lymphatic organs, and body tissues in 
general, and it is freely exposed to the action of any drug 
circulating in the blood. In the second stage the trypano- 
some multiplies in the brain, and can be reached only by 
drugs which can pass the barrier which exists between the 
blood and the central nervous system. Ina large proportion 
of persons suffering from sleeping sickness, the brain is in- 
volved when the diagnosis is first made, and consequently the 
provision of effective drugs which can penetrate into the ner- 
vous system is very important. 

The term “ blood-brain barrier ’’ is functional rather than 
anatomica!, and it is used to indicate the mechanism which 
exercises a selective control over the passage of substances 
from blood to brain. The barrier is probably localised for 
the most part in the walls of the cerebral capillaries, and 
substances which reach the brain cells from the blood pass 
through the capillary endothelium into the perivascular and 
pericellular spaces around the cells. The extent to which 
actively trypanocidal drugs can pass this barrier is very 
varied, and cannot be deduced from the results of the cus- 
tomary experiments on mice infected with trypanosomes. 
Thus, suramin (Bayer 205) is extremely active in destroying 
trypanosomes in the blood of mice, and it is very effective in 
the first stage of human trypanosomiasis ; but it cannot pass 
the blood-brain barrier to any appreciable extent, and it is 
powerless to cure when once the brain has been infected. 
Conversely, tryparsamide is only moderately active when 
tested in mice, but it passes the blood-brain barrier readily, 
and thus is the most effective known remedy in the later stages 
of the human disease. Up to the present time the search for 
drugs against sleeping sickness has been conducted mainly 
by testing their power to cure mice infected with trypano- 
somes, but as these examples show, there is need for a more 
direct means of deciding whether a drug can exert a trypano- 
cidal effect beyond the blood-brain barrier. There are 
technical difficulties in devising such a test. Theoretically it 
would be desirable to take samples of the perivascular and 
pericellular fluids of the brain, in order to measure their 
power to kill trypanosomes. But in actual practice it is 
impossible to obtain such fluid in appreciable amounts. 
Cerebrospinal fluid is derived mainly from the choroid 
plexuses of the cerebral ventricles, and although its com- 
position is often assumed to approximate to that of the peri- 
cellular fluid, this is only an assumption which cannot be 
proved. However, cerebrospinal fluid is the only fluid of 
the brain which is available for testing in adequate amounts, 
and it has therefore usually been used for this purpose. Its 
use is also justified by the fact that when trypanosomes 
invade the brain, they are located at first in the choroid 
plexuses and cerebrospinal fluid, while the tissue of the brain 
is not involved until later. 

The first tests on the trypanocidal power of cerebrospinal 
fluid were made by Voegtlin, Smith, Dyer & Thompson (1923) 
who used a rather crude method. They trephined the skulls 
of rabbits and inserted trypanosomes into the subarachnoid 
space. The test compounds were injected intravenously. 
After a suitable interval the rabbits were killed and a search 
was made for the trypanosomes which had been inserted. 
A more refined method was introduced by Hawking, Hen- 
nelly & Quastel (1937), who injected arsenical compounds 
intravenously into patients suffering from syphilis of the 
nervous system. After a suitable interval, cerebrospinal 
fluid was withdrawn and its trypanocidal power was measured 
in vitro by a technique devised by Yorke, Adams & Murga- 
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troyd (1929). Trypanocidal power of the cerebrospinal fluid 
due to arsenicals could easily be distinguished from that due 
to other non-specific causes, by comparing its action on 
arsenic-resistant trypanosomes with that on normal trypano- 
somes. By this means it was shown that tryparsamide pro- 
duced a greater trypanocidal power in the cerebrospinal fluid 
than any of the other compounds tested. After therapeutic 
doses of tryparsamide, e.g. 2 g. per adult, the trypanocidal 
power of, the cerebrospinal fluid was maximal in 40 hours 
and it disappeared in about 70-90 hours. The trypanocidal 
power was not proportional to the concentration of arsenic 
in the fluid (as determined chemically), and only a fraction 
(5-30 %) of the arsenic occurring in the fluid was present as 
the active trivalent form. 

Neoarsphenamide (when given to patients in therapeutic 
doses) did not appear to penetrate into the cerebrospinal 
fluid to an appreciable extent ; sulpharsphenamide penetrated 
to a greater extent, but less than did tryparsamide. In later 
work, Hawking (1940) carried out similar tests on Africans 
suffering from sleeping sickness, and showed that infection 
of the nervous system (presumably involving the choroid 
plexuses and meninges) did not greatly increase or decrease 
the penetration of tryparsamide into the cerebrospinal fluid, 
as compared with the fluid of normal persons. 

The method of Hawking yielded results which were, of 
direct significance for human therapy, but it suffered from 
the usual limitations of observations on human subjects, 
viz. the small number of subjects available and the need to 
avoid all danger of toxic effects. Accordingly the present 
author and Dr. H. O. J. Collier have adapted the technique 
for use with rabbits. Their results are not yet published in 
detail. They find that although tryparsamide readily renders 
the cerebrospinal fluid of rabbits trypanocidal, its trivalent 
derivative (reduced tryparsamide thioglycollate) does not. 
In their experiments, neoarsphenamide penetrated into the 
fluid to a considerable extent. Presumably they injected 
much larger doses into their rabbits than would be safe to 
employ in man. 

The factors which determine the ability of compounds to 
penetrate the blood-brain barrier are not well understood. In 
the case of “polar” substances, molecular size, lipoid 
solubility, and diffusibility are of minor importance; and 
the penetration depends upon the electro-chemical properties 
of the substances. Apparently negatively-charged acid com- 
pounds penetrate the barrier, while positively-charged basic 
compounds fail to do so. Colloidal substances do not 
penetrate, no matter what the charge. Thus tryparsamide, 
which penetrates well, is the sodium salt of an acid; and it 
circulates in the blood as a negatively-charged ion. Neo- 
arsphenamide presumably also circulates in the anionic 
state ; and sulpharsphenamide (which penetrates still more 
readily) is still more electro-negative in character. The 
diamidine compounds (e.g. diamidinostilbene) are salts of 
strong bases, and they circulate as positively-charged ions ; 
but they do not penetrate into the cerebrospinal fluid. 
Suramin is an acidic compound, but it has a very large 
molecule and it probably circulates in a semi-colloidal form ; 
as mentioned above, it does not penetrate into the fluid. 

In attempting to correlate the electrochemical properties 
of substances with their power of penetrating vital mem- 
branes, it must be remembered that numerous other com- 
plicating factors are concerned in the animal organism. Thus 
the rate of disappearance and the rate of excretion must be 
considered. There is also the question of toxicity. In 
general, electro-negative substances are much less toxic 
than electro-positive compounds, and they remain longer in 
the circulation. However, while being less toxic for the host, 
they are often less lethal for the trypanosome. Tryparsamide 
owes its effectiveness to certain peculiar properties. It is 
relatively non-toxic, and in itself it has no trypanocidal 
action; it penetrates into the cerebrospinal fluid readily ; 
perhaps all these properties are related to its electro-negative 
charge. After penetration, the arsenic atom (which it con- 
tains) is reduced from the pentavalent to the trivalent state ; 
the properties of the molecule are radically changed and it 
becomes highly trypanocidal. By this means, reduced 
tryparsamide (which is extremely lethal to trypanosomes but 
which cannot, by its own nature, penetrate into the cerebro- 
spinal fluid) becomes available for action at the desired place. 
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EFFECTS OF NARCOTICS AND BENZEDRINE ON 
METABOLIC PROCESSES IN THE CENTRAL NER- 
VOUS SYSTEM 

by J. H. Quastel, Transactions of the Faraday Society, 39, 
348-359, December 1943 

In this contribution to the discussion from the Rothamsted 
Experimental Station of the Agricultural Research Council, 
the author reviews the evidence in favour of the hypothesis 
that narcotics intervene in an essential oxidative respiratory 
chain acting on a substrate which is mainly glucose. 

In the past there has been a reluctance to relate narcosis 
with suppression of brain oxidations because of the disparity 
between the small quantity of narcotics required to produce 
narcosis, and the large amount needed to inhibit enzyme 
reactions. It is now realised that, since the pharmacological 
effect of the narcotic used is essentially localised, a large fall 
in the enzyme process of the entire tissue is not to be expected. 
It is established that the oxygen utilised by the brain is mainly 
concerned with combustion of glucose supplied by the blood, 
and any lack of glucose or oxygen results in slowing, then 
abolition, of cortical potentials with ultimate unconsciousness. 

The observed facts are as follows : 


i. In a series of seven barbiturates in a concentration of 
0-12 %, inhibition of oxygen-uptake of minced guinea-pig 
brain in the presence of glucose is parallel to the increase in 
hypnotic activity. 

ii. The parallelism extends to narcotics of widely different 
chemical structure, e.g. chloral, paraldehyde, hyoscine and 
atropine. Further, when a series of narcotics including 
ethylurethane, chloral hydrate, phenobarbitone, chlorbutol 
(chloretone), hexobarbitone (evipan) and bromethol (avertin) 
is examined by the more sensitive brain-slice method, it is 
possible to show that the different narcotising concentrations 
of these compounds produce consistent inhibition of respira- 
tion of brain-cortex slices, and that this amount is approxi- 
mately 15°%. This figure may be larger when localised 
centres are considered. 

iii. The inhibition does not occur with all substrates; it 
is most marked with glucose, lactate and pyruvate, while 
succinate and p-phenylenediamine are undisturbed. 

iv. The inhibition of oxidation of glucose, lactate and 
pyruvate by narcotics is seen in liver, kidney or diaphragm 
to about the same extent as in brain. 

v. In low concentration the effect is reversible ; high con- 
centrations produce irreversible changes. Two effects are 
seen (a) in quick equilibrium between the narcotic and a 
respiratory system consistent with mass-action functions, 
occurring where the inhibition is not greater than 40 %, due 
to urethane, chloral, chloretone, barbiturates, bromethol 
(avertin) and magnesium ions, and (4) a slow development of 
irreversible change with high concentrations of barbiturates 
or chlorbutol, and with low concentrations of ether, ethyl 
alcohol and indole. 

vi. The steady state of the diminished respiration of brain 
slices produced by low narcotic concentrations of pheno- 
barbitone or chloretone depends on the concentration of 
K+ inthe medium. Withconcentrations of K* of 0:0128 M. 
—double that of normal serum—a steady inhibition is 
quickly obtained. At concentrations of 0-002 M. the 
respiration is found to drop in the presence of narcotics, at 
first more slowly, but finally to a very much lower level than 
the higher concentration of K*. When the temperature of 
the experiment, usually carried out at 39° C., is dropped to 
29°, the variation is no longer appreciable. 

vii. When the concentration of the substrate is increased 
eight-fold, no variation on the effect of inhibition of rat brain 
by chlorbutol is observed. This suggests that the narcotic 
enters into equilibrium with a component of the respiratory 
system and is independent of the substrate. 

viii. A study of the inhibitory effect of chlorbutol on lactic 
dehydrogenase of minced brain tissue shows that there is 








a simple competition for the enzyme, according to mass- 
action law; between narcotic and substrate. Contrasted to 
this is the finding that the narcotic inhibition of brain respira- 
tion is not due to inhibition of dehydrogenases affecting the 
glucose, lactate, or pyruvate. In addition, the inhibitive 
concentrations of narcotics do not affect the oxidation of 
sodium succinate or p-phenylenediamine. It is suggested 
that the explanation lies with the affinity of the narcotics 
for a special component of the aerobic respiratory system. 
Additional evidence that narcotics at low concentrations do 
not affect dehydrogenases arises in the observation that 
during anaerobic glycolysis by brain cortex no inhibition is 
seen. 

ix. An examination of isolated and known tissue respira- 
tory systems limits the effect of narcotic inhibition to a tissue 
component, possibly a flavoprotein. 


The author goes on to discuss the possible connection 
between amine metabolism in the brain and the development 
of clinical narcolepsy, which is known to be relieved by 
amphetamine (benzedrine) administration. It is an experi- 
mental observation that the addition of amphetamine to 
brain slices in a glucose medium does not modify the respira- 
tion nor does it modify the diminution of respiration due to 
narcotics. Thus clinical narcolepsy and induced narcosis 
differ in this important respect. It is, however, shown that 
the addition of amphetamine to brain cortex respiring in 
tyramine and other inhibitive amines, neutralises the inhibi- 
tion. Inhibition of brain respiration in the presence of 
tyramine is due to the oxidation of the amine to the aldehyde ; 
amphetamine competes for the amine oxidase. Amines 
like /-ephedrine, triethylamine, triisoamylamine, hordenine 
and amphetamine are very feebly oxidised by amine oxidase 
and have a high affinity for the enzyme. They are therefore 
powerful inhibitors of amine oxidation. 


300 


RELATIONS BETWEEN IN VIVO AND IN 
ACTIONS OF CHEMOTHERAPEUTIC AGENTS 
by H. MclIlwain, Transactions of the Faraday Society, 39, 
359-367, December 1943 


Chemotherapeutic agents which act upon infections in vivo 
have often been tested to see if they also act upon the same 
bacterium or parasite in vitro. Sometimes such in vitro 
action has been found; in other cases, it has been absent 
because conversion of the drug by the host into an active 
form is necessary; again, in other cases it has not been 
found because the culture methods used to maintain the 
parasite in vitro were inadequate. The purpose of the present 
paper from the Department of Bacterial Chemistry of the 
Medical Research Council is to discuss the special conditions 
which must be observed in order that in vitro tests should 
yield reliable results. 

The therapeutic effect of compounds such as sulphanil- 
amide or acriflavine upon bacterial infections in vivo can be 
explained without showing that these drugs kill the bacteria 
in vitro ; it is sufficient to show that they prevent multiplica- 
tion of the bacteria (bacteriostatic action). If multiplication 
of the bacteria is prevented the host itself will usually kill 
the germs. 


Prontosil rubrum is an example of a drug which is active 
in vivo but inactive in vitro because it requires conversion by 
the host into a more active form. In this case, the prontosil 
requires to be converted into the active sulphanilamide before 
its bacteriostatic effect can be demonstrated in vitro. Another 
example is the conversion of the pentavalent tryparsamide 
to its trivalent form in the body. 

A different reason for failure to demonstrate chemothera- 
peutic action in vitro, occurred during the early history of 
the sulphonamides. In many studies, the bacteriostatic 
effect of sulphonamide could not be demonstrated in any 
bacteriological media in vitro because such media contained 
substances which prevented (“ antagonised ’’) the action of 
the sulphonamide ; the most important of these substances 
or “‘ antagonists ’’ is now known to be p-aminobenzoic acid. 
This compound is similar in structure to sulphanilamide 
[p-aminobenzene sulphonamide], and its antagonism of the 
action of sulphonamide is similar to the inhibition of enzymes 
by compounds which are structurally related to their sub- 
strates. This conception has been used by Fildes, and the 
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present author, as a clue to the designing of new chemo- 
therapeutic agents. Thus pantoyltaurine, which is similar in 
structure to pantothenic acid, has been synthetized. Panto- 
thenic acid is required for the growth of streptococci (i.e. it is 
an “ essential metabolite”). When streptococci are exposed 
to pantoyltaurine in vivo or in vitro (provided there is no 
excessive amount of pantothenic acid present), the mechanism 
in the streptococci which utilises pantothenic acid is “blocked” 
by the pantoyltaurine, and growth of the organisms is thereby 
prevented. The amount of antagonist, e.g. p-aminobenzoic 
acid, required to inhibit the action of a drug, e.g. sulphanil- 
amide, is often very different in vivo from that which is effective 
in vitro, because the tissues of the host may favour or handi- 
cap either the drug or the antagonist to different extents. 
Thus much more p-aminobenzoic acid is needed in vivo to 
antagonise the action of sulphanilamide than is needed in 
vitro, because in vivo much of the p-aminobenzoic acid is 
acetylated by the tissues and in this way it is inactivated. 
Again the action of a drug in one host may be much greater 
than it is in another host, because the level of antagonist 
in the body fluids may be much lower. Pantoyltaurine 
prevents the development of streptococci in rats; but it 
fails in mice, because the level of pantothenic acid (which 
antagonises pantoyltaurine) is much higher in the blood of 
mice than it is in rats. 

Attempts have been made to correlate the therapeutic 
action of compounds with their effect upon the metabolism 
of parasites. Thus Fulton & Christophers (1938) [see also 
Christophers, 1943] showed that quinine and atebrin de- 
pressed the oxygen-consumption of malaria parasites. On the 
whole, however, such studies have not yet shown how chemo- 
therapeutic compounds act or which enzyme mechanisms 
are concerned. At one time it was often suggested that 
compounds acted by stimulating the defence mechanisms of 
the hosi. The action of sulphonamides, acridines, and try- 
panocidal drugs upon phagocytosis and upon the production 
of antibodies has been studied in great detail, but no evidence 
can be found for this hypothesis. Jn vitro studies have also 
shown that other phenomena, such as drug-resistance and 
chemotherapeutic interference, depend entirely upon the 
interaction between drug and parasite, and that the participa- 
tion of the host’s tissues is not essential. 

The author concludes by urging that much more attention 
should be paid to in vitro studies of the modes of action of 
chemotherapeutic agents. Most of the chemotherapeutic 
compounds which have been studied carefully have been 
found to exert a direct action upon the parasite (sometimes 
after preliminary conversion into a more active substance), 
and the hypothesis that any compound acts by stimulating the 
defence mechanisms of the host, rather than by direct action, 
would require great evidence in its support before it could 
be accepted. 
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PHYSICO-CHEMICAL ASPECTS 


by E. K. Rideal, Transactions of the Faraday Society, 39, 
368-372, December 1943 ' 


Consideration of a simple biological process indicates several 
ways in which a drug may bring about modifications, such 
as by reaction with enzyme or co-enzyme, by altering the 
membrane permeability, or by changes in bulk media. Of 
the factors governing adsorption on to proteins, the part 
played by the hydrogen bond would appear to be important. 
Free energy data for the adsorption of dyestuffs on to wool 
show how the stability of the adsorbed molecule is determined 
by its polar and non-polar portions. 

Studies, carried out by Professor Rideal’s School at 
Cambridge, upon the structure and permeability of mono- 
and multi-layers, have clarified the early ideas of Traube 
and Overton, and thrown light upon the structure of mem- 
branes and upon the membrane factor in drug accessibility. 
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CHEMICAL CONSTITUTION AND PHARMACO- 
LOGICAL ACTION 


by H. R. Ing, Transactions of the Faraday Society, 39, 372- 
383, December 1943 


The author, of University College, London, points out that, 
in a somewhat more general form than originally postulated 
by Ehrlich, the “ receptor theory,” despite its well-known 
limitations, does provide an otherwise missing intellectual 
link between the diverse concepts of structure and action. 
Our ignorance of the chemical nature of these hypothetical 
receptors forces us to look for relations between structure 
of the drug and the physiological effects presumed to flow 
from its receptor combination. 

The organic chemist, using a known drug as a model, has 
found that related substances containing a particular structural 
feature (“‘ pharmacodynamic group ”’) often show similarity 
in action. The problem of apparent similarity in pharma- 
cological activity shown by drugs of different structure 
would indicate, in the light of the receptor theory, that a 
closer analysis of such systems is required. 


The opposite case, in particular the antagonistic action of 
drugs of similar structure, is interpreted on the basis that 
both drugs combine with the same receptors but that only 
one combination is physiologically effective. 


With optically active compounds (e.g. adrenaline, hyos- 
cyamine) the fact that they act additively suggests that the 
marked differences in activity depend upon the relative ease 
of combination with the receptors; with other stereo- 
isomers differences may be ascribed to stereo-chemical 
effects. 


With an homologous drug series the activity shows, in 
general, either a maximum or a regular increase in activity as 
the series is ascended. Despite the apparent simplicity of 
such systems it is concluded that this problem still awaits 
solution. 


The need for further guidance from the physico-chemical 
standpoint was stressed by the author and several others 
during the ensuing discussion. 
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CHEMICAL STRUCTURE OF ARSENICALS AND 
DRUG RESISTANCE OF TRYPANOSOMES 


by H. King, Transactions of the Faraday Society, 39, 383-389, 
December 1943 


The early work of Ehrlich, Yorke, and their collaborators, 
showed that atoxyl-resistant strains were resistant to a great 
number of substituted derivatives of phenylarsonic acid as 
well as to the acridine group of dyestuffs. 


From an extensive examination of a series of arsenicals the 
author of this paper, from the Chemistry Department of the 
National Institute for Medical Research, concludes that normal 
trypanosomes can be acted upon in at least three different 
ways. 

The relatively low toxicity of compounds containing car- 
boxyl groups, present as sodium salts, is ascribed to their 
unwillingness to leave the aqueous medium for the com- 
paratively lipoidal trypanosome. Non-ionizable derivatives 
fall into two extreme classes and appear to act in at least two 
different ways. One type, exemplified by phenylarsenoxide, 
is active in similar high dilution upon normal and resistant 
strains alike, and this is ascribed to favourable adsorption at 
the liquid/water interface permitting facile transport to the 
site of action. The other type, e.g. benzamide p-arsenoxide, 
requires much higher concentrations and the lethal con- 
centration-ratio for normal/resistant strain may be 32-64, 
suggesting adsorption on to polar surfaces which are present 
to a diminished extent in the resistant strain. 

The author concludes with a brief discussion of the final 
mode of action of the toxophoric arsenoxide group. Reac- 
tion with —SH groups seems very likely. 


An interesting point was raised by Dr. E. M. Lourie in the 
discussion. Since mepacrine, a quinine substitute, is an 
acridine compound, its use might produce arsenical-resistant 
strains of trypanosome, and this would be a serious matter 
since arsenicals are the only known effective remedies for the 
latest stages of sleeping-sickness. Jn vivo and in vitro experi- 
ments have shown, however, that this does not occur. 
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PRINCIPLES OF INSECTICIDAL ACTION AS A GUIDE 
TO DRUG REACTIVITY—PHASE DISTRIBUTION RE- 
LATIONSHIPS 


by H. Hurst, Transactions of the Faraday Society, 39, 390-412, 
December 1943 


In this paper from the Colloid Science Department, Cam- 
bridge and the Imperial College of Science and Technology, 
London, earlier theories of drug activity are considered in the 
light of data available from insecticidal studies. 

A comparison of homologous fatty acids and alcohols 
shows that biological activity differs according to the site of 
application, e.g. internally in aqueous solution or externally 
as pure (liquid) drugs. A mixture of two non-toxic sub- 
stances (e.g. ethyl alcohol and kerosene) may be extremely 
toxic, the phenomenon being termed “‘ induced drug access.” 
Such experiments show the importance of defining the nature 
and site of drug interaction. 

The nature of the surface and framework of insect cuticle 
is discussed in relation to the mechanism of drug access and 
to the action of fat solvents and inert dusts. Inert powders 
appear to act by removal of lipoid from the epicuticle surface. 
For the mechanism of drug access the experimental evidence 
suggests a two-dimensional surface diffusion along the inter- 
faces of the lipo-protein mosaic. 

The penetration of insect cuticle by fatty acids and alcohols, 
in terms of physico-chemical principles, is accorded a detailed 
treatment. 

Using a related series of blowfly (Calliphora) larve with 
an homologous series of alcohols or fatty acids as drugs, 
the marked differences observed show that the biological 
activity of a given drug varies from system to system, as well 
as with the mode of application. Further complexities occur 
when other insects are used as test systems. 

Solutions of pyrethrins in ethyl alcohol show, on addition 
of water, enhanced biological activity which can be ascribed 
to increased surface activity. The resistance of various 
insects suspended at an interface to monolayers of pyrethrins 
was found to be in the order of resistance to the drug when 
applied in an organic solvent. 

The author concludes by reviewing pharmacological action 
in relation to fundamental biological pattern, showing the 
many points of resemblance between bounding membranes 
in such systems as insect cuticle, Ascaris integument, erythro- 
cyte, and certain plant tissues. 

The mechanism of two-dimension drug transmission in 
relation to the morphological arrangement of the insect 
cuticle was elaborated following a question on this subject by 
Professor Rideal. 
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SOME PHYSICAL-CHEMICAL PROPERTIES OF BIO- 
LOGICALLY ACTIVE MOLECULES 


by J. H. Schulman, Transactions of the Faraday Society, 39, 
412-417, December 1943 


The author, of the Colloid Science Department, Cambridge, 
refers principally to compounds containing both hydrophobic 
and hydrophilic groups, and proteins. He points out that, 
by means of the monolayer technique, the mutual interaction 
of two different molecules, when one or both are present at 
an interface, has been found to be determined by two com- 
ponents, one arising from the polar head-groups, the other 
from the van der Waals association of the non-polar “ tails.” 
For example, a soluble paraffin-chain salt interacts strongly, 
as shown by surface tension reduction, with monolayers of 
cholesterol, cetyl and elaidyl (trans) alcohols, but to a much 
reduced extent with oleyl (cis) alcohol owing to stereo- 
chemical hindrance. Such concepts must clearly be taken 
into consideration in any theory of drug action. 

The adsorption of proteins on to charged monolayers of 
paraffin-chain compounds such as amines, acids. lecithin, 
cephalin, etc., at the oil/water interface can be demonstrated 
by means of oil/water emulsions. For example, an emulsion 
positively charged by means of a long chain amine will adsorb 
serum albumin only at pH > 4-6 (its iso-electric point)—i.e. 
when the protein is negatively charged. Such adsorption 
may completely remove biological activity (e.g. of bacterial 
toxins, snake venom, hormones), this returning when the 
emulsion is broken. 
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A POSSIBLE MODE OF ACTION OF BENZPYRENE 
AS A TYPICAL CHEMICAL CARCINOGEN 

by F. Weigert, Transactions of the Faraday Society, 39, 418- 
419, December 1943 


This short paper is from the Physico-Chemical Department 
of the Mount Vernon Hospital, Middlesex. 

The greater part of benzpyrene introduced into a mouse or 
rat is changed to non-fluorescent derivatives, about 1 % is 
excreted unchanged, and the rest appears as the blue-fluores- 
cent “‘ BPX ”’ in the bile and is excreted as 5—8—benzpyrene- 
quinone and as green-fluorescent “‘ BPF” from which 8- 
hydroxy-benzpyrene has been isolated. From spectrographic 
and chromatographic examinations a tentative scheme for 
the metabolism is suggested, in which the intermediates fall 
into two groups (X- and F-) containing two different benz- 
pyrene derivatives as prosthetic groups in combination with 
various cell constituents. Members of the X-group readily 
go over into the F-group. 

‘** BPX ” appears in just those tissues (skin, lung and liver) 
where benzpyrene produces tumours, suggesting that its 
instability and spontaneous transformation into “ BPF” 
may provide the stimulus for the change of a normal into a 
malignant cell. 
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SOME MORPHOLOGICAL AND OTHER VARIATIONS 
IN A STRAIN OF BACT. LACTIS AEROGENES AC- 
COMPANYING ITS ADAPTATION TO CHANGE OF 
MEDIUM 

by R. M. Lodge & C. N. Hinshelwood, Transactions of the 
Faraday Society, 39, 420-424, December 1943 

This paper is from the Physical Chemistry Laboratory, 
Oxford. On repeated subculture in artificial media contain- 
ing ammonium sulphate/amino acid mixtures as a source of 
nitrogen, some remarkable adaptation phenomena were 
found. For example, with ammonium sulphate alone the 
culture gave threads of almost indefinite length, cells of 
normal size being completely absent. The division function, 
the maximum population, and the initial lag-phase after 
inoculation, adapted themselves at different rates to a new 
medium, suggesting that these functions were independenj. 
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THE EFFECTS OF RESORCINOL AND OF m-CRESOL 
ON THE GROWTH OF BACT, LACTIS AEROGENES 
by G. H. Spray & R. M. Lodge, Transactions of the Faraday 
Society, 39, 424-431, December 1943 

As reported in a previous paper ' from the same laboratory, 
liquid artificial media were employed, and the effects of the two 
disinfectants on lags, growth-rates and stationary populations 
were determined. From the ways in which these charac- 
teristics of growth change with disinfectant concentration, 
the following conclusions were drawn: 

i. Both compounds have specific actions on various 
stages of cellular metabolism in different ways. 

ii. Inhibition of growth at the higher concentrations is 
due to indefinite prolongation of the lag rather than to 
reduction of the growth-rate or of the stationary population 
to zero. 

iii. The effects of resorcinol can be completely neutralised 
by the bacteria during growth; with m-cresol only partial 
neutralisation occurs. 

Thread-like cells are obtained at a certain concentration of 
m-cresol, using carefully controlled inocula. The theory 
that elongation and division are processes controlled by 
separate factors is applied to the experimental results. 
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THE ADAPTATION OF BACT. LACTIS AEROGENES 
TO GROWTH IN THE PRESENCE OF SULPHON- 
AMIDES 

by D. S. Davies & C. N. Hinshelwood, Transactions of the 
Faraday Society, 39, 431-444, December 1943 

The authors, of the Physical Chemistry Laboratory, Oxford, 
chose sulphanilamide and sulphaguanidine as typical sul- 


phonamide compounds. With increasing drug concentration 
the lag-phase is lengthened and the growth-rate is reduced, 
but never to zero, as in the case of certain other antiseptics. 

In the presence of sulphonamide there may be a transition 
from a slower to a more rapid rate of multiplication at a 
certain stage during growth. This has been shown to be 
due to an adaptation of the bacteria. 

Almost complete immunity is developed after thirty 
passages through sulphonamide-containing media. This im- 
munity is not specific for the particylar sulphonamide and is 
not reversible on passage through the normal medium. To 
explain why the growth-rate should be equal to that in sul- 
phonamide-free media, the authors suggest that the cells 
develop enzymes which produce a sulphonamide antagonist. 
The adaptation is complex, the immunity developed after 
one or two passages through sulphonamide medium differing 
from that developed later, and is interpreted as the shortening 
of the lag of an alternative growth mechanism which is more 
resistant to sulphonamides than the normal one. 
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DRUG CONTROL OF MALARIA 
by W. Hughes & F. Murgatroyd, Lancet, 1, 699-704, 5'6/43 


The loss of Java deprived the United Nations of 90% of 
the world’s normal sources of quinine. The total alkaloids 
of cinchona bark from South America will probably form a 
substitute as effective as quinine itself, but the greatly 
increased need for antimalarial drugs makes it necessary to 
have a sufficient supply of an alternative drug. Mepacrine 
(atebrin) is the only synthetic compound of any real value 
at present in general use, and measures have been taken to 
meet all expected demands for it. 

Treatment of clinical attacks. The extensive studies of 
Stephens and others (1917, 1919, 1923) on the treatment of 
malaria, and later work on the treatment of general paralysis 
by induced malaria (League of Nations Malaria Commission, 
1933) have shown that the most intensive treatment was little 
superior to moderate dosage either in acute attacks or in 
preventing relapses. In P. vivax infections, relapses tend 
to occur about the second and eighth month after the primary 
attack and in P. falciparum infections mostly within two 
months after the primary attack. 

The final cure of infection is probably effected by an 
immunological process, and its development appears to be 
obstructed by too early or too intensive treatment with drugs 
which probably deprive the body of antigen needed to stimulate 
the formation of antibodies. The treatment which is suitable 
for the poverty-stricken populations of malaria zones is 
different from that for Europeans, such as troops, who are 
exposed to infection for limited periods only. In the former 
the development of immunity is important and the League 
of Nations Commission (1937) suggested 15 grains of quinine 
{1 g.] daily for 7 days in acute attacks, with larger doses in 
severe cases. In the case of Europeans, the cost of treatment 
and the development of lasting immunity are less important. 
For an acute attack 10 grains of quinine or 0-1 g. of mepacrine 
(atebrin) thrice daily for 5 or 6 days is usually sufficient ; the 
addition of pamaquin (plasmochin), e.g. 0-01 g. twice or thrice 
daily for 5 days, is believed to lessen the tendency to relapse 
in vivax infections, but it is less clear whether it does so 
in falciparum infections. Anti-relapse courses which have 
been recommended are: 


i. Quinine 10 grains or mepacrine 0-1 g. twice or 
thrice daily on 2 consecutive days of each week for 
2 months after the treatment of the primary attack. 

ii. The normal suppressive (prophylactic) dose daily 
for 2 months. 

iii. Mepacrine 0-1 g. thrice daily for 5 days beginning 
10 days after the treatment of the acute attack has 
ended. 


In the acute attack some prefer to combine all three drugs, 
e.g. quinine for 2 or 3 days, then mepacrine for 5 days, and 
finally pamaquin. 


* [see also BMB 297 & 343} 
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The authors are not convinced by the claims of some 
advocates of intensive treatment (Murray & Shute, 1942; 
Hill, 1942; Bryant, 1942). Apart from the question of the 
greater effectiveness of large doses, the possible occurrence 
of toxic symptoms or other unpleasant effects must be 
considered. Some of the apparent failures of moderate 
doses have been due to defective administration of the 
drug, e.g. in persistent vomiting when the drug should have 
been given parenterally, or to defective quality of the drug 
used. Such reasons probably explain also the failures 
attributed to the presence of drug-fast parasites. 

Suppressive treatment. No known drug will certainly 
prevent malarial infection, but the clinical effects of the 
infection may be prevented or modified. There are several 
satisfactory reports of the use of mepacrine in suppressive 
treatment. Daily doses of 0-05g. to 0-1g. for several 
months, even up to 2 years, have been successful. In well- 
controlled trials in Malaya a weekly dose of 0-3 g. was 
found to be satisfactory (Niven, 1938; Field, 1939). The 
League of Nations Malaria Commission (1937) thought that 
0:05 g. mepacrine daily was slightly inferior, and 0-2 g. 
bi-weekly slightly superior to 5 grains of quinine daily. 
Hill (1942) found 0-1 g. mepacrine daily for some months 
to be effective and without toxic effects. Recently a dose 
of 0-1 g. mepacrine for 6 days of each week has been 
recommended for persons in a hyperendemic area, beginning 
a week before entering the area and continuing for a week 
after leaving it. 

Problems in diagnosis. na hyperendemic area it is usually 
impossible to distinguish relapses from reinfections and this 
is important in estimating the value of treatment. When 
routine suppressive treatment has been taken by non-natives, 
parasites may be difficult to find, but they are nearly always 
present in severe clinical cases. The presence of malarial 
parasites in the blood of natives is of course less significant. 
Cases classed as chronic malaria or malarial cachexia are 
sometimes difficult to diagnose, and there is some difference 
of opinion as to whether it is safe and advisable to withhold 
drugs for some days in order to allow the parasites, if present, 
to become evident, or to give curative doses at once. 
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EFFECTS OF PLASMOQUIN, ATEBRIN, AND QUININE 
ON THE ELECTROCARDIOGRAM 


by H. L. Heimann & B. G. Shapiro, British Heart Journal, 
5, 131-133, July 1943 


Electrocardiograms of a soldier who had complained of pre- 
cordial pain during treatment of malaria with plasmoquin 
showed changes similar to those of coronary disease. The 
clinical features did not support such a diagnosis, however, 
and in order to ascertain whether the effect could have been 
produced by plasmoquin an investigation on convalescent 
soldiers was carried out. 

Six men convalescing from malaria were due to receive 
prophylactic medication against recurrences. After pre- 
liminary cardiograms, the men received pamaquin (plasmo- 
quin) grain [about 10 mg.] twice daily for 7 days. Cardio- 
grams were repeated, and the men had a week’s rest. They 
then received mepacrine (atebrin) 1-5 grains [about 0-1 g.] 
three times a day for a week, and cardiograms were repeated 
Once more. They were then given 5-10 grains [about 0-3- 
0-6 g.] quinine for 6 days and a final cardiogram was taken. 
The observations were made on the chest leads IV R and IV F. 


Li 


The authors concluded that pamaquin increases the ampli- 
tude of the various deflections, particularly the T wave. In 
some cases there was elevation of the S-T segment similar 
to that of coronary thrombosis. Mepacrine decreased the 
amplitude of the deflections, particularly the T wave. It 
restored the S-T elevation produced by pamaquin. Quinine 
produced changes similar to but less striking than those 
produced by mepacrine. 
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THE ACTIVITY OF DRUGS IN THE MALARIA OF 
MAN, MONKEYS AND BIRDS 
by F. H. S. Curd, Annals of Tropical Medicine and Parasito- 
logy, 37, 115-143, September 1943 


The only practicable large-scale method of testing rugs for 
antimalarial action is by the use of experimentally ithoculated 
birds. The malarial parasite usually employed is Plasmodium 
relictum. However, the plasmodia responsible for human 
malaria show qualitative differences in drug-susceptibility, 
and there is evidence of varied response to drugs on the part 
of the parasites responsible for monkey and avian malaria. 
Little is known of variations in response by different strains 
of the same species. 

If the search for antiplasmodial activity in drugs is limited 
to one species or one strain of avian malaria, there is a possi- 
bility that important information on the relation of chemical 
structure to therapeutic action may be missed. 

The author, of the Research Laboratories of Imperial 
Chemical (Pharmaceuticals), Ltd., Manchester, believes that 
investigations on different species and strains of plasmodia 
will be necessary in the future, and with a view to facilitating 
these he has compiled a table showing the actions of various 
drugs in different malarias (excluding the established anti- 
malarial drugs in the 3 types of human malaria). The table 
occupies 16 pages of this paper, and is based on a search 
of the literature from 1914 (a few outstanding older papers 
have been included). A list of 277 references is appended. 
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THE ACTION ON AVIAN MALARIA OF THE ALKA- 
LOIDS OF CINCHONAS FROM THE CAMEROONS 
AND THE BELGIAN CONGO 

by P. Baranger & P. E. Thomas, Biochemical Journal, 37, 
342-344, September 1943 


In this paper from the Centre de Technologie Scientifique et 
Coloniale de la France Combattante, Finedon, England, the 
authors, the first of whom was formerly professor at /’Ecole 
Polytechnique, Paris, summarise the results of tests of the 
antimalarial value of cinchona barks from the French 
Cameroons and the Belgian Congo. 

Total alkaloids from C. succirubra and C. Ledgeriana 
exerted an effect similar to that of quinine in retarding the 
onset of avian malaria. Results with total alkaloids from 
which the quinine had been extracted were poor. 

The alkaloids were administered orally as pellets, and 
birds (canaries) were inoculated with a strain of Plasmodium 
relictum obtained from Professor Keilin of Cambridge. The 
paper contains 22 references to the relevant literature, and 
a tabulation of the results of the authors’ investigations. 
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UNIMPAIRED SUSCEPTIBILITY OF TRYPANOSOMA 
RHODESIENSE TO ARSENICALS AFTER INTENSIVE 
TREATMENT BY MEPACRINE 

by E. M. Lourie & H. O. J. Collier, Annals of Tropical 
Medicine and Parasitology, 37, 205-210, December 1943 


It has long been known that sub-curative doses of arsenic 
may produce resistance in pathogenic trypanosomes to non- 
arsenical trypanocidal dyes of the acridine and related groups. 
Arsenic-resistance may also be produced by non-arsenicals. 

Mepacrine (atebrin, quinacrine) is an acridine derivative, 
and in view of the increased use of this synthetic antimalarial , 
in Africa it is important to know whether it produces arsenic- 
resistance in trypanosomes (which might prevent effective 
treatment of sleeping sickness). 








Experiments, which are recorded in detail in this paper, 
showed that intensive in vivo and in vitro exposure of Trypano- 
soma rhodesiense to mepacrine did not produce arsenic- or 
mepacrine-resistance. The authors conclude that mepacrine 
is suitable for use in sleeping sickness areas. 
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THE PHARMACOLOGICAL ACTIONS OF CERTAIN 
AROMATIC DIAMIDINES POSSESSING TRYPANO- 
CIDAL ACTIVITY . 


by R. Wien, Annals of Tropical Medicine and Parasitology, 
37, 1-18, April 1943 


The pharmacological activity of four aromatic diamidines, 
pentamidine (4: 4’-diamidino 1:5 diphenoxypentane), phen- 
amidine (4: 4’-diamidino diphenyl ether), propamidine (4 : 4’- 
diamidino 1 : 3 diphenoxypropane) and stilbamidine (4 : 4’-di- 
amidino stilbene), was investigated in the biological laboratory 
of May & Baker Ltd. The toxicity of these substances was 
studied in mice, rats and rabbits and their action on the 
vascular system, heart, respiration, central nervous system, 
smooth muscle, and striped muscle was also determined. 

Phenamidine proved to be the least toxic of the four sub- 
stances, but their toxicities were all quite similar. The 
average lethal doses (L.D.;,) for mice by intravenous injection 
were: phenamidine 0-050, stilbamidine 0-031, propamidine 
0-042 and pentamidine 0-028 mg. per g., and by subcutaneous 
injection, 0-120, 0-180, 0-055 and 0-064 mg. per g. respec- 
tively. All four compounds caused general depression of the 
central nervous system ; respiration was first accelerated and 
then became slow and forced. There was slight ataxia in 
the hind limbs, and the rectal temperature was lowered. 
Death was due to respiratory failure. The effects of the 
substances on rabbits were very similar. 

To investigate possible cumulative action, pentamidine and 
stilbamidine were given to rats by subcutaneous injection 
daily for 10 days in doses of ;\5, 4 and 4 of the average lethal 
doses as found in mice. With ;'5 of the average lethal dose 
there was no evidence of a cumulative effect, but with } and 
4 of the average lethal doses, both showed a definite cumu- 
lative action, indicated by retardation of the growth of the 
animals. The site of injection was inflamed after 5 days in 
some cases and toxic effects were observed at this time. 

All four diamidines caused a marked fall in blood-pressure 
in anzsthetised or decerebrate cats, but if the injections 
followed each other too rapidly, the response was not uni- 
form and usually the depressor effect decreased. Doses of 
1 mg. usually produced an effect, but phenamidine was less 
active than the other compounds. Full doses of atropine 
reduced, but did not abolish, the effects. The amidines were 
also found to have a-depressor action in eviscerated prepara- 
tions and in the “spinal” cat. The previous injection of 
calcium chloride or gluconate in an anesthetised cat had 
the effect of reducing the fall in blood-pressure due to the 
administration of the diamidines. The decrease in blood- 
pressure was shown by the plethysmograph results to be due 
to general vasodilatation, and it was also demonstrated that 
the effect was peripheral and not central in origin. It was not 
due to direct depression of the heart, for in concentrations of 
about 1 : 2,000 the diamidines increased the rate and force of 
the beat of the isolated heart of the cat and rabbit, though in 
concentrations of about 1: 200 a slight transitory depressant 
effect was observed. 

When large doses of the diamidines were given to rabbits 
for several days, the effect on respiration was one of general 
depression. In decerebrate cats, the effect of doses which 
caused a fall in blood-pressure was an increase in depth and 
volume of respiration, with little influence on the rate. 

In the intact animal little or no stimulation of the central 
nervous system was observed, as indicated by the absence of 
convulsions and by the depressant effect on the respiratory 
centre. The acute effect of these compounds on the central 
nervous system was studied in a special patellar reflex prepara- 
tion in the cat, but no influence on this reflex was observed. 

In concentrations of 1 : 10,000 to 1 : 25,000, the diamidines 


* [see also BMB 298 & 337] 
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stimulated the smooth muscle of isolated rabbit intestine, 
both tonus and movements being increased. The substances 
had no marked direct effect on the isolated guinea-pig ileum, 
but modified the contractions produced by histamine. In 
concentrations of about 1: 16,000, they caused contraction 
of the relaxed muscle of the isolated guinea-pig and cat uteri, 
but not in the uterus of the intact animal. There was no 
appreciable effect on the isolated rabbit uterus. 

The effect of the diamidines on the excitability of nerve- 
fibres and muscle was also studied and it was shown that 
these substances sensitised muscle to the action of potassium 
ions, though if the concentration of the diamidines exceeded 
1 : 5,000, they themselves caused contraction of the muscle. 

With these four diamidines, the effects on blood-pressure 
and intestine were more or less parallel with the toxicity, the 
least toxic having the least effect on pressure and intestine. 
The fall in pressure was only partially explained by stimula- 
tion of the parasympathetic system, and was not due to any 
impairment of the action of the heart, but chiefly to vaso- 
dilatation of peripheral origin, taking place in the skin and 
muscles. A characteristic effect of the diamidines was an 
ergotoxine-like action in antagonising the action of adrenaline. 
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THE METABOLIC EFFECTS PRODUCED BY CERTAIN 
AROMATIC DIAMIDINES 


by R. Wien, W. Freeman & N. M. Scotcher, Annals of Tropical 
Medicine and Parasitology, 37, 19-33, April 1943 


In this paper are described the effects of the four aromatic 
diamidines, pentamidine, phenamidine, propamidine and 
stilbamidine, on carbohydrate metabolism, calcium and 
potassium metabolism, and on the blood-picture, the kidneys 
and the liver. The animals used were rats, guinea-pigs, 
rabbits and dogs. The diamidines were used in the form of 
their isethionate salts, which are more soluble than the 
hydrochlorides, and the injections were given intravenously 
and subcutaneously to rabbits, subcutaneously to rats, intra- 
muscularly to guinea-pigs, and intravenously to dogs. 

Phenamidine did not affect the blood-sugar level to any 
great extent; doses of 10 and 15 mg. per kg. given intra- 
venously to rabbits had little effect, but 20 mg. per kg. caused 
a delayed hyperglycemic response. Stilbamidine was hyper- 
glycemic, but only in doses which were almost lethal. In 
some, but not all experiments, propamidine given sub- 
cutaneously had a marked hyperglycemic effect. When 
administered intravenously, lower doses caused a fall in blood- 
sugar, while higher doses brought about an initial hypergly- 
cemia, followed later by fatal hypoglycemia. Propamidine 
was the only one of the four diamidines studied which showed 
a hypoglycemic action. Pentamidine was hyperglycemic in 
doses not far from the lethal amounts. Stilbamidine, the 
only compound tested in this way, was shown to reduce the 
hyperglycemic action of adrenaline. The adrenals were 
found to play some part in the effect of stilbamidine and 
propamidine on the blood-sugar. 

No depletion in liver glycogen was observed a short time 
after a single administration of diamidines, but there was 
depletion after four injections, given on alternate days, 
though this may have been due to the anorexia which the 
animals developed. 

When large doses were given intravenously to rabbits, 
phenamidine and especially propamidine had a marked effect 
on kidney function ; the blood-urea and non-protein nitrogen 
rose to a high level within 24-48 hours and remained there 
for at least 5 days. The other two diamidines caused only 
a slight increase within 7 hours, disappearing within 2 days. 
Similar results were obtained with subcutaneous injections, 
though, by this route, phenamidine was less toxic than stilb- 
amidine, while propamidine and pentamidine were more 
toxic. 

In both dogs and rabbits the diamidines were found to 
produce a slight fall in the concentrations of calcium and 
potassium in the blood-serum. In dogs the fall was about 
the same for calcium as for potassium, but in rabbits the fall 
in potassium was the greater, so that the calcium-potassium 
ratio was increased. 

Repeated administration of therapeutic doses of stilbami- 
dine and propamidine to guinea-pigs had no effect on the 
blood-picture, other than leucocytosis and increase in poly- 
morphonuclear cells before death when toxic doses were 
employed. 
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Stilbamidine and propamidine were given daily for 5 days 
to guinea-pigs by intramuscular injection, and histological 
examinations of the liver and kidneys were then made. There 
were no changes in the kidneys, even with the higher doses, 
except for slight cloudy swelling. The most important 
pathological effect of the substances in toxic amounts was 
extensive fatty degeneration of the liver, but this was not 
observed with repeated administration of therapeutic doses. 
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A COMPARISON OF THE BIOLOGICAL ACTION OF 
BAYER 7602(Ac) AND THE CORRESPONDING LI.C.I. 
SYNTHETIC PRODUCT 


by J. D. Fulton, Annals of Tropical Medicine and Parasitology, 
37, 164-173, December 1943 


In 1937, Iensch described the preparation of a new compound 
in the 4-amino-quinoline series which was subsequently 
known as Bayer 7602(Ac). It was stated to be active against 
Trypanosoma cruzi, but not against other trypanosomes. 
Mazza and collaborators tried the compound clinically in 
Chagas’s disease, recently described (Mazza, Basso & Basso, 
1942) its successful employment over a period of 5 years, and 
compared it with a new compound, Bayer 9736(As), which is 
less toxic, less active against 7. cruzi, but also acts on a number 
of other trypanosomes. 

Because supplies of Bayer 7602(Ac) ceased to reach South 
America, Imperial Chemical Industries Limited undertook to 
prepare the compound. The present paper, by a member of 
the scientific staff of the Medical Research Council, describes 
comparative tests on mice inoculated with 7. cruzi of the 
German and British products. 

Full details of the experimental procedures are given. The 
conclusions were that (i) both preparations freed the peri- 
pheral blood of parasites, (ii) tissue forms of the parasite 
seemed to be inaccessible, (iii) in no case was cure of the 
infection obtained, (iv) the compound had little value as a 
prophylactic, (v) no significant difference was found in the 
biological actions of the British and German preparations. 
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THE LOCAL ACTION OF SULPHONAMIDES 
by F. Hawking, Practitioner, 151, 354-361, December 1943 


Although sulphonamides were first introduced into medicine 
in 1935, their use for local application did not become firmly 
established until 1940, when Colebrook & Francis (1941) 
showed that wounds infected with hemolytic streptococci 
could be freed from these organisms by sprinkling them with 
sulphanilamide. During the three years which have elapsed 
since then, much experience has been gained. 

Choice of compound. For use as a local application to 
wounds, there are only two compounds to be considered— 
sulphanilamide and sulphathiazole. Sulphadiazine has been 
suggested for this purpose, but it is less soluble, less active, 
and less plentiful than sulphathiazole, and it has no counter- 
balancing advantages. As regards the two first mentioned, 
sulphanilamide is less active against bacteria but is more than 
ten times as soluble (1,970 mg. per 100 cm.* serum at 37° C.) 
as sulphathiazole, and its concentration can therefore be ten 
times as great. In addition, it is plentiful and can be used 
freely. It is quickly absorbed from the wound so that there 
is little danger of leaving insoluble deposits, but on the other 
hand it hardly stays in the wound long enough to obtain the 
best results. Sulphathiazole is much more active (10-100 
times) in vitro than sulphanilamide, but is less soluble (190 mg. 
per 100 cm.* serum at 37° C.) and more expensive. It per- 
sists longer in a wound and so inhibits bacteria for a longer 
period ; this persistence in the wound is a valuable asset. 
As used in a wound, the toxicities of both compounds for 
the neighbouring tissues are about equal. Weight for weight, 
sulphathiazole is more toxic for cells than sulphanilamide, 
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but since it is less soluble the concentration is much lower. 
As each compound has merits and demerits, it is advantageous 
to combine them by using a mixture of one part sulphathiazole 
with two or three parts of sulphanilamide. 

Diffusion through a wound. When a sulphonamide com- 
pound is placed in a wound, its distribution round the wound 
depends upon the physical factors of solubility, diffusion, etc. 
There are four places to consider : 

i. The main cavity of the wound: The concentration in 
the wound fluid next to the deposit of sulphonamide depends 
upon the solubility. Thus the concentration of sulphanil- 
amide will be about 2,000 mg. and that of sulphathiazole 
about 190 mg. per 100 cm.®. 

ii. Crevices of the wound: From the fluid near the deposit 
of sulphonamide, the compound spreads outwards by con- 
vection currents and by diffusion. Convection currents 
ought to be minimal in a wound at rest and those which do 
occur will be from the deeper parts to the surface, so they will 
be a hindrance rather than a help. Diffusion is rapid over 
short distances, such as from one side of a cell to another, 
but it is very slow over the longer distances such as occur in 
wounds, as the time required is proportional to the square of 
the distance. At the end of one hour, an appreciable con- 
centration of sulphanilamide, e.g. 1 mg. per 100 cm.*, does 
not spread further than 1 cm., and after 24 hours it does not 
travel more than 4-5 cm. For sulphathiazole, the distances 
travelled are only two-thirds of these. Accordingly, sul- 
phonamide placed on the surface of a wound does not pene- 
trate deeply by its own power. Surface application is suffi- 
cient for superficial injuries such as burns, but in order to 
reach the deeper parts, the compound must be mechanically 
distributed over the whole wound as widely as is reasonably 
possible. 

iii. Dead tissue adjacent to a wound: Penetration of dead 
tissue occurs by the same process of diffusion as above, and 
it is similarly slow. Hawking (1941b) showed that it took 
6 hours or more for sulphanilamide or sulphathiazole to pass 
through a sheet of tissue 3 mm. thick in appreciable, but still 
very small, amounts. 

iv. Living tissue adjacent to a wound: Before the com- 
pound has penetrated very far, it meets a capillary and it is 
swept away into the general circulation ; the concentration in 
living tissue near a wound is therefore no greater than that in 
the blood generally. The best way to reach such tissue is to 
give the compound by mouth or intravenously. 

Rate of absorption from wounds. Sulphanilamide is ab- 
sorbed from wounds rapidly, especially from large burns, and 
excessive amounts placed in or on a wound may cause toxic 
symptoms such as cyanosis, nausea, or even coma. In the 
treatment of burns among British troops in Egypt, several 
deaths were caused in this way before the danger had been 
fully realised. As a rough approximation, absorption from 
a wound is about half as rapid as that from the alimentary 
canal; and a maximal blood concentration of 1 mg. per 
100 cm.* will be produced for each 1 to 2 g. sulphanilamide 
inserted into the wound. In view of this rapid absorption, 
10 g. sulphanilamide is enough for most wounds, and the 
total amount used in any one patient should rarely exceed 15 g. 
Sulphathiazole is absorbed more slowly and there is much 
less danger of toxic effects. 


Antagonising substances. Unfortunately the antibacterial 
action of sulphonamides in a wound is often antagonised by 
substances derived from necrotic tissue and pus, which act in 
the same way as p-aminobenzoic acid. Consequently pus 
and necrotic tissue should be removed from the wound as 
completely as practicable before the sulphonamide is inserted. 

Effect upon wound healing. Very much work, both experi- 
mental and clinical, has been done to determine whether 
sulphonamides have an injurious effect upon the healing of 
a wound. It is the general conclusion that sulphanilamide 
does have a slight but definite adverse effect upon a clean 
wound (as is shown clinically by the presence of a little 
serous exudate and by slight delay in closing), and that in 
such wounds it is possibly better not to use it. But in infected 
wounds, the effect of sulphanilamide upon the tissues is 
negligible compared with the much greater harm which bac- 
teria would cause if sulphanilamide were not used. In par- 
ticular, sulphonamides do not interfere with phagocytosis. 
However, sulphanilamide should not be placed near large 
nerve trunks, as it may cause degeneration (Holmes & 
Medawar, 1942); and sodium sulphathiazole and other 








sodium salts should not be used as they are strongly alkaline 
and cause necrosis. 

Therapeutic effect in experimental wounds. As statistics 
about the value of sulphonamides in preventing infection of 
human wounds are difficult to obtain, much of the evidence 
is derived from experimental wounds in animals. Thus in 
a series of guinea-pig wounds, infected with over 10,000 lethal 
doses of gas gangrene organisms, the local application of 
sulphanilamide saved 53 % of those infected with Cl. welchii 
but none of those infected with C/. septicum ; sulphathiazole 
saved 67% of those infected with Cl. welchii and 75% of 
those infected with C/. septicum; in the case of infections 
with C/. edematiens (novyi), none of the sulphonamides was 
of much value (Hawking, 194la). Ina series of wounds in 
rabbits infected with hemolytic streptococci, plain sulphanil- 
amide saved only 2 out of 14 animals, because the drug was 
absorbed from the wound too quickly. Oily preparations 
of sulphanilamide, in which absorption was delayed, saved 
12 out of 20, but the oil which remained embedded in the 
tissues caused very undesirable fibrosis and other reactions 
(especially cod liver oil). Sulphathiazole saved 10 out of 
10 animals, partly because it was more actively bacteriostatic 
and partly because it persisted for a longer time in the wound 
(Hawking, 1942). 

Extent of local application in clinical practice. Prophy- 
lactically sulphanilamide is applied to wounds and burns 
in the field, and it is sprinkled into wounds after operation 
to prevent anticipated infection. In general, clinical im- 
pressions of this treatment are favourable. For the treatment 
of burns of the face and limbs in the armies in North Africa, 
where such lesions formed one of the major groups of 
casualties, sulphanilamide plus vaseline gauze supplanted all 
other methods of treatment in the forward areas. Curatively, 
sulphonamides are applied to wounds which are already 
infected. Hemolytic streptococci are usually suppressed by 
this means, but sometimes resistant strains occur or develop. 
Proteus, Ps. pyocyanea and many strains of staphylococci 
are insensitive. The treatment has been found particularly 
valuable in preparing superficial wounds for skin grafting. 
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A STUDY OF THE DISTRIBUTION OF SULPH- 
ANILAMIDE 

by F. Alexander, Quarterly Journal of Experimental Physiology, 
32, 21-28, May 1943 


The author, working in the Department of Pharmacology, 
Edinburgh University, investigated the distribution of sulph- 
anilamide in sheep, rabbits and mice, in all of which acetyla- 
tion occurs, as in man. After the intravenous injection of a 
suitable amount of the compound, measurements were made 
of the blood concentration and of the amount excreted in the 
urine; after suitable intervals, the smaller animals (rabbits 
and mice) were killed, and the sulphanilamide content of the 
tissues was estimated. 

When sulphanilamide (40 to 90 mg. per kg.) was given to 
sheep or rabbits, the blood concentration after 1 hour was 
the same as, or slightly higher than, it would have been if the 
sulphanilamide was evenly distributed throughout the body, 
but at 6 hours it fell below this amount, and after 24 hours it 
was much less than the theoretical amount, showing that 
either the drug was not evenly distributed through the 
body water, or it had been removed from estimation by some 
chemical change. This conclusion was strengthened by 
measurement of the amount excreted in the urine. After 
doses of about | to 2 g. for sheep weighing about 20 kg., or 
of 0-1 g. to rabbits weighing about 1-5 kg., the total amount 
excreted in the urine was only 40-80 %. 

A search was then made to see whether the sulphanilamide 
which had disappeared had been fixed in the tissues. Rabbits 
were given 3-5 to 7:5 mg. per 100 g.; they were killed at 
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intervals, and the tissues were examined chemically. The 
concentration in the liver and kidney was higher than that 
in the blood ; the concentration in the kidney was particularly 
high in the first six hours, presumably due to excretion into 
the urine. It was found that the amount retained in the 
tissues was too small to account for all the drug which had 
been lost. This point was tested further by injecting a solu- 
tion of sulphanilamide into mice, and measuring the amount 
in the excreta and the amount in the complete animal, killed 
and estimated as a whole. The results are shown in the table: 


The Percentage of Dose recovered from the Whole Animal 
and Excreta 





Percentage recovered 


Time, No. of Percentage 
hrs. observations destroyed 
. a” as Body _Excreta Total eer 
0 y 92-2 0-0 92-2 7°8 
4 13 84-5 3-2 88-0 12-0 
14 7 62-0 7-6 79-4 20-6 
3 8 31-6 33-2 65-0 35-0 
24 7 8-5 62-4 70-9 29-1 
48 5 6°7 61-0 67-7 32-3 





Clearly, about 30 % of the sulphanilamide injected is converted 
into some form which cannot be detected by the standard 
method of Bratton & Marshall (1939), even after acid hydro- 
lysis; this conversion would almost certainly destroy all its 
therapeutic action. The apparent discrepancy between these 
results and those of Marshall, Emerson & Cutting (1937) is 
probably explained by the fact that these workers adminis- 
tered the drug orally, so that 2 hours would be occupied by 
absorption, and they examined the tissues at 4 hours, which 
would correspond to only 2 hours after intravenous injection, 
at which time the loss is still small. 
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THE EFFECT OF ACID, ALKALI, AND MEALS ON 
THE BLOOD LEVEL AND EXCRETION OF SULPHA- 
PYRIDINE IN CHILDREN 

by H. E. C. Wilson, British Medical Journal, 1, 507-508, 
24/4/43 

Alkali is often given to patients receiving sulphonamide com- 
pounds, in order to combat acidosis or to prevent precipitation 
of crystals in the urinary passages. The present author, who 
is Biochemist to the Royal Hospital for Sick Children at 
Glasgow, has investigated the effect of this practice upon the 
absorption and excretion of sulphapyridine. 

His observations were made on 15 children suffering from 
non-relevant conditions, e.g. chorea. The test consisted of 
giving a single dose of sulphapyridine, 50 mg. per kg. body 
weight, and measuring the urinary excretion during 24 hours 
and the blood concentration after 1, 4, and 8 hours. Three 
separate tests were carried out on each case: (i) sulphapyri- 
dine alone, (ii) sulphapyridine plus 2 g. sodium bicarbonate, 
(iii) sulphapyridine plus 1-3 g. ammonium chloride. The 
individual figures obtained varied greatly, but on taking an 
average it was found that the addition of acid or alkali to the 
sulphapyridine had no effect upon the subsequent blood con- 
centration (4-1 mg. per 100 cm®. at 1 hour, 5-2 mg. at 4 hours, 
and 4-6 mg. at 8 hours), or on the rate of excretion (50% 
of the dose was excreted in the urine in 24 hours, of which 
52° was present as free sulphapyridine). There was no 
correlation between the giving of acid or alkali and the fre- 
quency of vomiting. 

In a second series of cases, a study was made of the effect 
of taking the drug two hours before a meal as compared with 
taking it two hours after. The time of the meal had no effect 
upon the rate of absorption of the compound. The excretion 
of the drug was slightly greater if the drug was taken immedi- 
ately after a meal ; but although this effect was large enough 
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to be statistically significant, it was not sufficiently great to 
be of any practical clinical importance. The author concludes 
that for clinical purposes the giving of acid or alkali, or the 
adjustment of the dose in relation to meals, has no practical 
effect upon the rate of absorption or excretion of sulpha- 
pyridine. 
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SULPHAPYRIDINE ABSORPTION THROUGH THE 
HUMAN PLEURA 
by H. E. Vickers, Lancet, 2, 760-762, 18/12/43 


An account is given of the absorption of sulphapyridine 
through the pleura, as observed in 22 cases. The drug was 
placed in the pleural cavity as a powder (usually 7-5 g.) at 
the end of operation, and was spread over the pleura im- 
mediately before the operation wound was closed. Morning 
and evening estimations of the amount of free sulphapyridine 
in the blood were then made until the amount present was 
less than 0-5 mg. per 100 cm.*. No sulphonamides were 
given by mouth during this time. In all but two cases the 
maximum level was attained within 24 hours of application. 
The highest maximum recorded was 5-5 mg. per 100 cm.°, 
and the lowest 1-0 mg. The time taken to eliminate the drug 
varied from 3 to 9 (average 6) days, and the rate of elimination 
was fairly constant in each case. The pleura! fluid and the 
blood levels of the drug were not closely related. Absorp- 
tion of sulphapyridine through the pleura varies considerably 
in different cases, as judged by relative sulphapyridine con- 
centrations in the pleural fluid and blood at the same interval 
after application. This is probably due to caking of the 
powdered drug and the formation of pleural adhesions 
which interfere with free absorption. 
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SULPHONAMIDE DERMATITIS: 
FROM LOCAL APPLICATION 
by B. C. Tate & I. Klorfajn, Lancet, 1, 39-44, 8/1/44 


Although most of the toxic reactions to internal administra- 
tion of the sulphonamides are now well known, ill effects 
from their external use are less generally recognised. Apart 
from a warning by Ingram (1942) that the local application 
of these drugs may cause sensitisation, the present writers 
found no mention of such effects in the literature. In their 
own experience sensitisation occurred in an appreciable pro- 
portion of cases. In those affected, an irritating eczematous 
dermatitis appeared after-a period of sulphonamide applica- 
tion; it was at first confined to the area under treatment, 
but it usually spread to other regions. This ** secondary 
eruption ”’ usually had the distribution commonly seen in 
sensitisation to other chemicals. Exposure to sunlight 
facilitated dermatitis and there is evidence that sul- 
phonamides themselves can cause sensitisation to sunlight. 
It was difficult to assess the number of applications of sul- 
phonamide dressings necessary to cause sensitisation. In 
30 cases about which fairly accurate data were available, the 
interval between the first application of sulphonamide and 
the appearance of the eruption varied between 4 and 14 days 
in 21 cases, and was more than 14 days in the remaining 
9 cases. The nature of the original disease is an important 
factor in the development of sensitisation ; of 55 cases, 15 had 
been treated for impetigo and 12 for ecthyma. On the other 
hand, it does not seem that any recognisable constitutional 
predisposition is necessary for the development of sensitisation. 

It appears that no single sulphonamide preparation is 
more likely than any other to cause dermatitis. Patients 
Sensitised to one of the sulphonamide drugs are thereafter 
Sensitive to other members of the group. Sensitisation is 
probably permanent ; in 3 patients examined by the authors 
Sensitivity had persisted for !8, 15 and 6 months respectively. 

Treatment of the weeping areas of the dermatitis with 
Lassar’s paste dressings was effective, and a lead and calamine 
lotion was applied to dry parts of the rash. Desensitisation 
was attempted and was apparently achieved in 3 cases ; these 
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were given sulphanilamide orally, 1 g. three times daily for 
8 days. Ten other patients were later successfully desensi- 
tised by this method, but whether such desensitisation will 
be permanent or whether the method is universally applicable 
is not yet known. 

The authors point out that sensitisation to sulphonamides 
resulted from treatment of conditions for which equally 
efficient, if not better, alternative remedies are available ; it 
may be as intense as to preclude subsequent administration of 
these drugs in effective doses for other diseases. For this 
reason local sulphonamide therapy for skin diseases and 
minor injuries is unjustifiable and should be discontinued. 
The original paper contains 11 photographs illustrating the 
skin eruptions seen. , 
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CHEMOTHERAPY AND SEROTHERAPY IN CERE- 
BROSPINAL (MENINGOCOCCAL) MENINGITIS: An 
Analysis of 3,206 Case Reports 

by A. A. Jubb, British Medical Journal, 1, 501-504, 24/4/43 
This paper, by a Medical Officer of the British Ministry of 
Health, opens with a summary of the incidence of cerebro- 
spinal fever in England and Wales from 1913 to 1940 and of 
the results of treatment in that period by anti-meningococcal 
serum, and proceeds to an analysis of recent results of treat- 
ment by chemotherapy (sulphonamide derivatives) combined 
with serum and by chemotherapy alone. During the severe 
epidemic in 1940 the Ministry of Health made arrangements 
for the collection of information on the results of those 
methods of treatment. Special forms were provided showing 
the nature of the particulars desired, and were supplied to 
large hospitals throughout the country. The response from 
the medical officers was generous, and well over three thousand 
forms were filled up and returned to the Ministry. After 
exclusion of the cases that did not survive for more than 
24 hours after admission to hospital, there remained for 
analysis 3,206 reports of cases treated either by chemo- 
therapy plus serum or by chemotherapy alone. The drug 
most often employed was sulphapyridine, given orally and 
sometimes, in addition, intramuscularly or intravenously. 
Sulphanilamide, soluseptasine and sulphathiazole were oc- 
casionally used. The analysis gave the following results: 
(a) Among the total of 3,206 cases the fatality rate was 
10:5°%; (6) of the 3,206 cases, 849 were treated by chemo- 
therapy plus serum with a fatality rate of 13-8 °%; (c) 2,357 
cases were treated by chemotherapy alone with a fatality 
rate of 9-2 %. 

The meningococcus was sought in 2,993 cases and found 
in 91%. Examination for Group was naturally less exten- 
sive ; it was successful in 489 cases, giving 90 ° Group I and 
10% Group If. A comparison with the ascertained pro- 
portions of the Groups in former epidemic and non-epidemic 
times supports the opinion that an increase of Group I is a 
factor in epidemicity. In the cases analysed, however, 
Group II equalled Group I in severity of illness and excelled 
it in fatality. 

It did not appear that the dosage of sulphonamides recom- 
mended by Banks (1939) was of importance (Banks himself 
considered that smaller dosage might be efficacious). 

The tables given in the paper show the familiar curve of 
fatality, falling from infancy to adolescence and rising to old 
age, with the difference that in the chemotherapy class the 
fatality was lower in all age groups, except two, than in the 
chemotherapy plus serum class. At ‘“‘ all ages” of the total 
cases the fatality rate in females was higher (12-2 °%) than 
that of the males (9-3 %); it may have been that owing to 
circumstances a larger proportion of the males received 
prompt treatment. 

The author states that it is desirable that the value of 
cerebral and lumbar puncture should be defined, that is, 
whether or not the procedure should be reserved for diagnosis, 
and he asks whether the value of intramuscular injections of 
drugs is great enough to outweigh the risk of abscess and 
sloughing, and the consequent extra labour in nursing and 
delay in convalescence. 
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SOME ASPECTS OF THE CHEMOTHERAPY OF 
PNEUMONIA 
by T. Anderson, British Medical Journal, 1, 717-719, 12/6/43 


The author is Physician-Superintendent of the Knightswood 
Fever Hospital, Glasgow, and has there had exceptional 
opportunities of studying the response of pneumonia to 
treatment. His material consists of 397 cases treated before 
sulphonamides were introduced, and 306 treated with 
sulphapyridine: these were all admitted with the diagnosis 
of acute primary pneumonia, and the great majority were 
lobar in distribution. An analysis of these cases brings out 
several interesting points, and justifies the author in his main 
conclusion that sulphonamide treatment has by no means 
wholly solved the problem of treating pneumonia. In the 
first place, infection by pneumococci of type II has been 
much more prevalent in Glasgow than in the south of England, 
and the prognosis in this type is worse. Whereas sulpha- 
pyridine has reduced the mortality in type I[ infections from 
8 % to 3 %, the reduction in type II infections is from 29 % to 
only 12%. Age is a still more important factor: in cases 
under 40, chemotherapy has reduced the mortality from 14 % 
to 4%, but in those over 40 it has only fallen from 32 % to 
26 %. 

There is, as would be expected, a close correlation between 


bacteriemia on admission and a_ high fatality-rate: 
bacteriemia was also commonly followed by delayed 
resolution. Combined chemotherapy and serum treatment 


have not given encouraging results in the author’s cases, 
and he leaves his reader with the impression that much 
remains to be done in order to improve the outlook for 
certain types of case. There will be general agreement with 
his conclusion that any report on the results of treatment in 
pneumonia should specify the ages of the patients, the presence 
or absence of bacteriemia, and the type of pneumococcus 
responsible. 
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THE EFFECT OF CHEMOTHERAPY ON THE MOR- 
TALITY FROM PNEUMONIA IN GLASGOW 

by T. Anderson, British Medical Journal 2, 779-780, 18/12/43 
Since the introduction of sulphonamides it has been claimed 
from analyses based purely on hospital records that fatality 
rates from pneumonia have been lowered to about } of their 
former level. [It should be stated, however, that Martin 
(1942) was only able to show a reduction in the number of 
deaths in England and Wales in 1939-1941 as compared 
with 1934-1937 of possibly 12%. For Scotland the reduc- 
tion was greater, perhaps 24 %, but lobar pneumonia showed 
a greater reduction (40°) as compared with other types 
(16 %).] 

In the present paper fatality rates of notified cases of pneu- 
monia in Glasgow are compared for the two periods 1922- 
1938 and 1939-1941 in age-groups. Reductions in mor- 
tality were recorded of 25 % at ages under 1; 53 % at ages 
1 to 10; 64% at ages 11 to 20; 57% at ages 21 to 45; and 
36 % at ages over 45, thus showing that the improvement is 
least at the younger and older ages. For all ages combined, 
a reduction of only 30 % is shown, indicating to what extent 
the average reduction masks the great improvement at 
middle life. 

As notification is incomplete, and not necessarily equally 
sO at each age-group, the method involves the assumption 
that the degree of incompleteness has at least been constant 
within each age-group throughout the total period. [Changes 
in the medical personnel issuing notifications over so long 
a period might perhaps make the validity of this assumption 
doubtful.] 

Accepting the general view that lobar pneumonia is the 
more common lesion in middle life, bronchopneumonia in 
later life, and that it seems evident therefore that the pro- 
gnosis with chemotherapy is more favourable for the former, 
the author discusses why this should be. He argues that in 
lobar pneumonia, as the organisms causing the disease are 
usually of a more invasive type than those associated with 
bronchopneumonia, individual resistance does not have to 
be lowered to the same extent as in bronchopneumonia to 
permit of infection. It is predominantly during infancy and 
in the age-groups 45 and over—i.e. at those periods when the 
impact of adverse social and economic factors have most 
effect—that individual resistance is most easily lowered and 
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to the greatest degree. For these reasons the broncho- 
pneumonia type is more prevalent at these ages. 

This suggests that chemotherapy alone is insufficient unless 
supported by what the author calls non-specific resistance on 
the part of the patient. More knowledge is required as to 
what means can be adopted to increase such resistance. 
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SULPHAMEZATHINE IN LOBAR PNEUMONIA: A 
Comparison with Sulphapyridine 
by G. Melton, Lancet, 1, 277-278, 26/2/44 


The author summarises the results of treatment of two un- 
selected concurrent series of cases of lobar pneumonia, 
134 of which were treated with sulphamezathine and 179 
with sulphapyridine. 

There was a mortality of 6-7°% in the sulphamezathine 
and 11-1°% in the sulphapyridine series. 

The initial dose of sulphamezathine was 4 g., followed by 
2 g. six-hourly. Very few toxic manifestations were seen, 
and a comparison of findings in the two series was in favour 
of sulphamezathine. 
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SULPHAGUANIDINE 
GASTRO-ENTERITIS 
by J. L. Henderson, British Medical Journal, 1, 410-413, 3/4/43 


In this paper from the Simpson Memorial Maternity Hospital, 
the author, who is Lecturer to the Department of Child Life 
and Health of Edinburgh University, records the excellent 
results achieved with sulphaguanidine in epidemic gastro- 
enteritis in the newborn, the most lethal of the commoner 
neonatal infections. Rice, Best, Frant & Abramson (1937) 
focused attention on the appalling waste of infant life in 
maternity hospitals in New York from this preventable 
alimentary infection. In the earlier literature, the paper 
based on the largest series of cases was published from 
Edinburgh (Craig, 1933). Numerous recent publications in 
both Britain and the U.S.A. have shown that few maternity 
hospitals are exempt from periodic epidemics of neonatal 
gastro-enteritis. The vast majority of affected infants are 
bottle-fed. The causal bacterium or virus still eludes identi- 
fication. Six epidemics and a few sporadic cases, comprising 
a total of 102 infants with gastro-enteritis, occurred in the 
Simpson Maternity Hospital during the three years 1940-2. 
The incidence of 1-5°% during this period was abnormally 
high. 

Before the commencement, early in 1942, of sulphaguani- 
dine therapy, the mortality rate in 72 cases was 76%. After 
the introduction of this drug, the mortality rate in 30 cases 
fell to 10°%. The greatly improved results did not justify 
the use of controls. 
30 cases treated with sulphaguanidine wouid probably have 
been still lower if there had not been so many very premature 
infants. There were 11 mature and 19 premature infants, and 
8 of the premature infants weighed less than 4 pounds 
[1816 g.] at birth. The three fatal cases all belonged to the 
latter group. 

The initial signs of gastro-enteritis usually appear after the 
first week of life. A sudden failure of appetite is the first 
sign of illness. Diminished vitality, a tired, sickly appearance 
and pallor follow within a few hours. Diarrhoea as a rule 
develops within a few hours of the onset, but may be delayed 
for 24 hours. The stools are watery in most cases. They are 
usually yellow and often contain mucus. The number 
frequently exceeds 10 a day and may be uncountable. Signs 
of dehydration usually appear by the second day, and rapidly 
become severe in the absence of appropriate treatment. The 
weight course shows a sudden reversal and falls rapidly. 
Fever is an inconstant feature. Vomiting is a more pro- 
nounced feature in some epidemics than in others, and may 
be absent. Abdominal distension is common. 
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IN NEONATAL EPIDEMIC 


Treatment 
(a) General: The following simple routine, in conjunction 
with sulphaguanidine therapy, has given very satisfactory 
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results. An initial purge has been omitted when diarrhoea 
has become established. Milk is entirely withheld, and 5% 
lactose or dextri-maltose water is given ad lib. every one and 
a half hours. If fluid amounting to 4 ounces [120 cm*.] 
per pound [454 g.] of birth weight per day is not taken, the 
total must be made up to this amount by the use of the 
stomach-tube. Such an ample fluid intake is essential to 
replace the excessive loss, and to ensure adequate renal 
elimination. When there is much vomiting, the sugar should 
be given in 1/5 normal saline instead of water. In severe 
cases the fluid may have to be introduced by stomach-tube 
for several days. Only sugar and water or diluted saline 
should be given until the appetite returns ; this may not occur 
before from several days to a week. The above regime, 
coupled with sulphaguanidine therapy, renders the parenteral 
administration of fluid unnecessary in most cases. The 
necessity for introducing milk gradually when the appetite 
returns must be emphasised. It is customary in the authoi’s 
hospital to give it in alternate feeds in the form of either 
half-strength breast-milk or sweetened condensed milk 
diluted 12 times. The number of dilute milk feeds is slowly 
increased until milk is being given at every feed. Then the 
feeds are gradually strengthened according to the demands 
of the appetite. 


(b) Sulphaguanidine : It is of the utmost importance to give 
full doses as early as possible. Owing to its slow absorption 
from the bowel and the necessity for achieving a high con- 
centration therein, larger doses of this sulphonamide should 
be given than of the others. In the present series of cases 
the mature infants received an initial dose of 0-75 g. followed 
by 0-5 g. every four hours, and premature infants an initial 
dose of 0-5 g. followed by 0-25 g. every three hours. The 
latter dose is well tolerated by very premature infants pro- 
vided ample fluid is given. These doses are continued for 
several days until there is pronounced clinical improvement 
with a return of appetite. It is then gradually reduced, being 
stopped a few days later. In some cases it was continued 
for as long as a fortnight. Much work remains to be done 
on the action of various sulphonamide compounds in neo- 
natal gastro-enteritis and more experience with sulpha- 
guanidine is needed. 


(c) Prophylactic : Immediate isolation of all infants sus- 
pected of infective gastro-enteritis is essential in maternity 
hospitals. Confirmation of the diagnosis should be followed 
by strict precautions, to limit the extent and duration of the 
outbreak. Frant & Abramson (1938) have drawn up an 
excellent code of hygiene for the prevention and control of 
this and other infections in hospital nurseries. 


Toxicity of Sulphaguanidine 

Sulphaguanidine is one of the less toxic sulphonamides 
owing to its slow absorption from the bowel, but 20 to 25°% 
of the drug is excreted in the urine. The maintenance of 
a high fluid intake is important to eliminate the possibility 
of excessive concentration of the drug in the urine, with 
crystallisation in the urinary tract. The urine of infants 
receiving the drug often contains a few characteristic crystals 
in the form of parallelogrammic plates, and needles occurring 
singly and in sheaves, but these should never be abundant. 
A recurrence of frequent defzecation, which appeared to be 
a delayed toxic effect of sulphaguanidine on the bowel, 
occurred in 8 of the 30 infants. This phase began 8 to 10 days 
after starting with the drug, and subsided a few days later. 
The stools were small in bulk and normal in appearance. 


Conclusions 

The author concludes that the prognosis in epidemic 
gastro-enteritis of the newborn has been dramatically im- 
proved by sulphaguanidine therapy. To achieve optimal 
results sulphaguanidine must be given in the full doses 
recommended. An ample fluid intake must be ensured. 
Fluid every 14 hours is recommended. Tube-feeding may 
be necessary when there is anorexia. Parenteral administra- 
tion is seldom required. 

Milk should be withheld entirely until the appetite returns, 
and reintroduced very gradually. 
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SULPHAGUANIDINE 
FLEXNER DYSENTERY 
by H. G. Smith, British Medical Journal, 1, 287-288, 26/2/44 


Forty-four young women of 17 to 37 (average 21) years ad- 
mitted to a Scottish fever hospital with Flexner dysentery 
were treated with sulphaguanidine by mouth. The usual 
dosage was 142 g. in 10 days (in no case less than 129 g.). 

In all cases the treatment resulted in non-dysenteric stools 
which were negative for B. dysenteria (Flexner). Twenty- 
one of the patients developed a toxic rash, usually pink and 
maculo-papular and appearing on the ninth day of treatment. 

In view of the high incidence of toxic rashes, the author 
tested for hypersensitivity by giving to 4 groups (a, 5, c, d) of 
3 affected patients test doses of (a) sulphanilamide (1 g.) ; 
(6) sulphathiazole (1 g.) ; (c) sulphadiazine (1 g.) and (d) sul- 
phaguanidine (2 g.). 

No reactions were seen in groups a, b and c. One patient 
in group d developed a scarlatiniform rash which faded in 
20 hours. The 9 patients in groups a, 6 and c were subse- 
quently each given 2 g. sulphaguanidine, and 7 of them 
developed toxic rashes. 

Conclusions. Bacteriological results were very satisfactory, 
but the high incidence of toxic rashes was a serious dis- 
advantage of the treatment. The lack of reaction to other 
sulphonamides in the sensitive subjects suggests that the 
guanidine radical may be the sensitizing agent. The author 
comments that children tolerate high doses of sulphaguani- 
Pine without adverse effects. 


IN THE TREATMENT OF 
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STAPHYLOCOCCAL SEPTICAMIA TREATED WITH 
SULPHADIAZINE 


by H. B. Norman, British Medical Journal, 1, 183, 5/2/44 


A case of staphylococcal septicemia is reported in which a 
dramatic response was obtained with sulphadiazine after 
sulphathiazole had proved ineffective. The patient, a 
soldier aged 32, was admitted to hospital complaining of 
aching in the limbs and malaise for one week. A fortnight 
earlier he had had a boil on the back of his neck. On ad- 
mission, temperature was 101° F. [about 38-3° C.] and the 
blood count showed: hemoglobin 84%, erythrocytes 
4,690,000 per mm.*, colour index 0-91, leucocytes 14,000. 
The patient was given full doses of sulphathiazole. A week 
later Staph. aureus was cultured from pus obtained from a 
fluctuant nodule on the left arm. The patient’s condition 
continued to deteriorate and 18 days after admission sulpha- 
thiazole was stopped, after a total administration of 60 g. 
without obvious benefit. The administration of sulpha- 
diazine was begun and a total of 100 g. was given over 12 days. 
The response was immediate and within 8 days the patient’s 
condition was satisfactory. Later, in view of the prolonged 
septic infection and moderate anemia, 1 pint of blood was 
transfused intravenously ; hemoglobin was 96 % after trans- 
fusion. Convalescence thereafter was uneventful. 
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THE ROLE OF CHEMOTHERAPY IN THE TREAT- 
MENT OF HASMATOGENOUS OSTEOMYELITIS 

by K. C. McKeown, British Journal of Surgery, 31, 13-22, 
July 1943 

A series of 26 cases of acute hematogenous osteomyelitis was 
treated with sulphathiazole and various types of surgical 
intervention. Details of variations in the treatment of all 
cases are given and there are 12 radiographs. 

In the 17 cases which received early sulphathiazole com- 
bined with bone drilling, the degree of bone change shown in 
the radiographs was minimal. In 2 of these cases there were 
no radiographic changes, although the diagnosis was not in 
doubt. The dosage of sulphathiazole was 1 g. per 20 Ib. 
[about 9 kg.] body weight per day for 8 days, beginning at 
the onset of the disease. After an interval of 3 weeks the 
course was repeated. Usually the surgical treatment con- 
sisted in making multiple holes in the metaphysis between the 
second and sixth days of the disease. 

In the remaining cases in which surgical intervention was 
minimal (3 cases) or different (2 cases), or in which sulpha- 
thiazole was administered later (3 cases) or in smaller dosage 
(1 case), the severity of bone infection did not appear to be 





modified by chemotherapy. Results were compared with 
a control series of 74 cases treated without chemotherapy. 

The duration of the disease appeared to be considerably 
shortened in those cases in which sulphathiazole was em- 
ployed, although the data were incomplete in some respects. 
Combination of sulphathiazole and bone drilling appeared 
to reduce the duration of the disease by 60 °%. 
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SULPHANILAMIDE IN THE TREATMENT OF SMALL- 
POX 
by P. B. Wilkinson, Lancet, 2, 67-69, 18/7/42 


Working in Hong Kong during the smallpox epidemic which 
raged from November 1937 to July 1938, the author was 
able to study the effect of sulphanilamide in this disease. 
The epidemic was characterised by the occurrence of a high 
percentage of toxic or hemorrhagic cases, and therefore 
afforded an admirable opportunity of testing the effect of 
the drug in all types of smallpox. Ina preliminary discussion 
the author notes the following points. Smallpox is a diphasic 
disease, the two phases being the toxic and the focal. The 
focal phase is merely a sequela of the toxic phase, and is not 
to be regarded as an essential part of smallpox proper. 
It is necessary to know the vaccinal history of the patient 
before attempting to assess the use of any drug in the treat- 
ment of either phase of smallpox, because vaccination 
profoundly modifies the character of the toxic phase as 
well as the number and type of lesions seen in the focal phase. 

The effect of sulphanilamide on both phases of the disease 
was Observed in a series of 103 patients. The drug was 
given in powder form by mouth in a dose of | g. four-hourly, 
with necessary modifications for age. No initial loading dose 
was employed. 

The results were as follows: of the 13 toxic or hemorrhagic 
cases treated with the drug not one recovered, and in no 
case was there any sign that the toxic phase of the disease 
was in the least modified. The remaining 90 patients in the 
series were divisible into two groups: 41 who had been 
previously vaccinated, and 49 who had not. In only 19 of 
the 49 unvaccinated patients was the evolution of the focal 
lesions obviously changed, the change most commonly seen 
being an arrest of the lesion at the vesicular stage. In other 
words, the lesions dried up instead of becoming mature 
pustules, leaving the face and body covered with a multi- 
tude of small horny pocks. These 19 patients showed no 
secondary focal or septic fever. The other 30 unvaccinated 
patients showed no modification of the natural course of the 
disease as a result of sulphanilamide therapy. 

In the second group of 41 vaccinated patients, the drug 
was used because of some septic complication which had 
arisen during the course of the disease. The most frequently 
observed complications were boils, muscle abscesses, skin 
sloughing, cellulitis, otitis media and furunculosis of the 
external auditory meatus ; rarer complications were panoph- 
thalmitis, suppurative arthritis, suppurative periostitis and 
streptococcal infections of the genito-urinary tract. Results 
in these cases were dramatic, and once adequate drainage had 
been established, recovery tended to be prompt and un- 
interrupted provided an adequate dosage of sulphanilamide 
was employed. 

The figures for the three groups in the series of 103 patients 
are as follows: 

Focal Phase 
Unvaccinated Vaccinated 

49 41 
» 11 2 
. 100% 22°4% 4-8% 

As a result of these observations the author concludes: 
(i) that the toxic phase of smallpox is unaffected by sulphanil- 
amide; (ii) that the focal phase is modified in a certain 
number of unvaccinated patients in the sense that the normal 
evolution of the lesions is arrested at the vesicular stage ; 
(iii) that the septic complications which so often occur in 
the focal phase are profoundly influenced by the drug, which 
is indeed life-saving in some of these cases. He therefore 
advocates the use of sulphanilamide in the focal phase 
because this measure reduces the fatality rate in those cases 
showing septic complications, and helps to abort the focal 
phase in a certain percentage of cases. 


Toxic 
Cases treated 13 
Deaths 


Fatality rate 


84 


Arsenical and Antimonial 
Compounds* 
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THE STANDARDISATION OF THE THERAPEUTIC 
POTENCY OF NEOARSPHENAMINE AND SULPH- 
ARSPHENAMINE 

by F. Hawking, Quarterly Journal of Pharmacy & Pharma- 
cology, 16, 13-24, January & March 1943 


The author, from the Department of Biological Standards 
of the Medical Research Council, describes the reorganisation 
of the tests used in the biological standardisation of 
neoarsphenamine, and the statistical principles on which 
the framing of such tests depends. Two groups each of 
10 mice suitably infected with T. equiperdum are taken. The 
mice of the first group are given intravenously a dose (x) 
of the sample of neoarsphenamine under test, dissolved to 
form a 0-1 % solution. The mice of the second group are 
similarly treated with the standard preparation, the dose of 
the standard (0-8 x) being 80% that of the sample under 
test. The dose of the standard is chosen so as to give 
approximately a 50°% response. The blood of the mice is 
examined microscopically on the first and third days after 
the treatment, and if no trypanosomes can be found on the 
third day the corresponding mouse is regarded as “ cured.” 
If the sample under test “ cures ’’ two (or more) mice more 
than the standard “cures,” it is accepted without further 
trial. When it fails to do this, the test is repeated once ; 
if the total number of mice “‘ cured” by the sample is equal 
to or greater than the number “ cured ” by the standard, the 
sample is passed for commercial sale ; if not, it is rejected. 

This arrangement of the doses allows for the passing of 
samples with a therapeutic potency 20% less than that of 
the standard preparation, as recommended by the International 
Conference. By statistical analysis, based on the logarithm- 
dose : probit-response curve, it is shown that only 1-7 % of 
batches of neoarsphenamine having a potency 9 % less than 
the regulation level (80 % of that of the standard preparation) 
would be incorrectly passed on the first test, and only 1-7 % of 
batches having a potency 10% above the regulation level 
would be incorrectly rejected. The accuracy is consequently 
high. The test has proved convenient and simple to carry 
out, and the principles on which it is based will be applied to 
other tests when the opportunity comes. 
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TREATMENT OF LYMPHOGRANULOMA INGUINALE 
WITH ANTHIOMALINE 
by W. A. Law, Lancet, 1, 300-304, 6/3/43 


{[Lymphogranuloma inguinale has attracted increased interest 
since it became recognised as a venereal disease caused by a 
virus, and widespread in temperate as well as tropical parts 
of the world. The tendency of most uncomplicated cases 
to heal spontaneously after some weeks or months makes it 
difficult to estimate the value of a method of treatment. 
Various remedies that have been tried include the thera- 
peutic use of Frei antigen, protein shock therapy with T.A.B. 
vaccine or “ Pyrifer’’ (a preparation of B. coli), gold salts, 
various compounds of antimony, and sulphonamides. 
** Anthiomaline,” a compound (lithium antimony thiomalate) 
containing 16% of antimony, was used with apparent 
success in Paris in 1935 by Sezary, and Shaffer (1942) con- 
sidered it to be as effective as the sulphonamides, sometimes 
acting when the latter failed and vice versa.] 

The present paper is a detailed study of the disease by a 
surgical specialist in the British army in West Africa. During 
eighteen months he treated 220 cases, of whom 33 were 
European and 187 Africans, all previously fit soldiers. All 
except three, in whom the neck glands were infected, were 
genital and inguinal cases, and there was no rectal involve- 
ment. Over 85% of the Africans were circumcised, this 
being usual among them, and the author suggests that their 
infection, as with syphilis, was probably due to some minor 
abrasion during coitus. 


Diagnosis. In nearly all cases the clinical diagnosis was 
confirmed by Frei’s intradermal test, the Kahn test, the use 
of a Dmelcos vaccine test, microscopical examination for 


* [see also BMB 303, 314 & 337) 








UTIC 
LPH- 


arma- 


dards 
ation 
nm of 
vhich 
ch of 
The 
se (x) 
ed to 
ip are 
se of 
under 
. give 
ice is 
after 
nm the 
red.” 
more 
irther 
once ; 
equal 
d, the 
x 
ng of 
at of 
tional 
‘ithm- 
Te Of 
than 
ation) 
1% of 
level 
ently 
carry 
ied to 


NALE 


iterest 
i by a 
parts 
cases 
ikes it 
ment. 
thera- 
T.A.B. 
salts, 
mides. 
ialate) 
parent 
) con- 
etimes 


> by a 
During 
} were 
» All 
, were 
volve- 
i, this 
t their 
minor 


is was 
he use 
on for 





spirochetes and gonococci, and biopsy with histological 
section. The Frei test was positive in 61%, doubtfully 
positive in 16 %, and negative-in 15 %, and in the remainder 
(17 cases) it was not done owing to lack of antigen. It was 
not possible to make other tests except the “ vesicular test ” 
of Ottolina (1941) which was tried in 20 cases of which 
10 were strongly Frei-positive ; only one positive vesicular 
reaction was obtained and that was in a previously Frei- 
negative patient. The author found the small nodule called 
“ Fischer’s Knotchen,” which develops in Frei’s test, very 
useful for diagnosis in African patients. 

Primary lesion. This was observed in 52 cases ; an intra- 
urethral papule mentioned by Romanis & Mitchiner (1941) 
was not encountered although it was searched for. 

Bubo. The author describes the “ bubo” clinically and 
pathologically in the four progressive stages suggested by 
Stammers & Law (1941), each of which readily merges into 
the succeeding stage. Histological section showed infiltra- 
tion of the tissues by mononuclear cells and multiple areas of 
focal necrosis. There were few polymorphonuclear cells. 

Treatment. The. author emphasises the need to prevent 
secondary infection and condemns incision and drainage or 
scraping and packing with gauze. In the relatively few 
early cases, excision of the gland was effective and healing 
occurred within 2 or 3 weeks. When softening had taken 
place aspiration was performed, taking care to seal the 
puncture hole afterwards. As the disease is not merely a 
local lesion, the author changed from purely surgical measures 
to the use of anthiomaline, given intramuscularly in cases 
seen earlier, and intravenously in the later cases of the series. 
The injections were given two or three times a week beginning 
with 0-5 cm.* and increasing by 0-5 cm.* up to 2 cm.* with 
a maximum of twenty injections and a total dose of 0-2 g. 
When anthiomaline was not available a 1 % aqueous solution 
of sodium antimony tartrate was substituted, beginning 
with 1-5 cm.* and increasing by 1-5 cm.* up to 6 cm.* given 
twice a week. Relief of pain was often dramatic after two 
or three injections. No ill effects were seen, except a mild 
pyrexia a few hours after an intravenous injection. 

The patients were not kept in bed and were able to do 
light work in hospital ; three Europeans in the fourth stage 
{see above] with fistula and ulceration were treated success- 
fully while carrying out their normal duties. 

The average number of injections required was ten, during 
a little over three weeks. To avoid relapse it was found 
advisable to give eight or more injections, even if the glandular 
swelling had subsided before the completion of the course. 

In one African in the second stage, a coherent mass of 
glands with a central cavity containing sterile pus was re- 
moved from the right groin. The wound healed promptly, 
but the scar became keloid. The glands of the left side were 
left, and anthiomaline was given intravenously. The 
glandular swelling subsided without any complication 
within the time required (8 days) for the healing of the right 
side. 

Sulphanilamide. Forty-five cases were treated with sulph- 
anilamide, which was given orally as tablets—2 g. every 
4 hours for 48 hours, then 1 g. every 4 hours for 72 hours, 
then 1 g. every 8 hours for 48 hours ; after an interval of 
5 to 7 days this course was repeated. The results were 
satisfactory but rather less so than with antimony, and the 
patients required to be kept in bed for the whole period. 
Blood leucocyte counts were made at intervals during this 
treatment. 

Relapses. Twelve cases relapsed and the Frei test remained 
positive. The glandular swelling recurred in 4 to 12 weeks 
after subsidence of all symptoms and signs, and in all cases 
another course of anthiomaline produced a satisfactory 
result, 

The author concludes that the results with anthiomaline 
compared favourably with those from other methods, 
including sulphanilamide. 
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PHEMERIDE : A NEW ANTISEPTIC DETERGENT 
by C. N. Iland, Lancet, 1, 49-51, 8/1/44 


Tests were made on a new organic detergent, phemeride 
or phemerol (para-tertiary-octyl-phenyl-diethoxy-benzyl-di- 
methyl ammonium chloride). It is a quaternary ammonium 
compound and contains a long aliphatic chain ; it resembles 
cetavion, the new detergent which was first described as 
CTAB (cetyl-trimethyl-ammonium bromide). According to 
the classification of Baker, Harrison & Miller (1941) it is 
a cationic detergent and therefore more active against gram- 
positive than gram-negative organisms, and more germicidal 
to either than the anionic detergents. The germicidal action 
of these substances is probably due to disruption of or inter- 
ference with the functions of the bacterial cell-membrane. 
In vitro tests showed phemeride to inhibit the growth of 
Staph. aureus in a dilution of 1 : 400,000; Strept. pyogenes, 
C. diphtheria and Cl. welchii were inhibited with a dilution 
of 1: 200,000. Gram-negative organisms were less sensitive ; 
E. coli was inhibited with a dilution of 1 : 160,000, P. vulgaris 
with | : 4,000 and Ps. pyocyanea with 1 : 2,000. 

Phemeride has a relatively low toxicity to leucocytes. 
A dilution of |: 4,000 stopped phagocytosis in 4 hours; 
1: 8,000 did not stop it after 5 hours. The anti-bacterial 
action of phemeride does not appear to be closely related to 
the size of the inoculum. 

A small series of clinical tests was made. Phemeride was 
found to be an efficient skin antiseptic; no sign of skin 
sensitivity developed from its use. In a few observations 
made on infected thoracic wounds and fistule there appeared 
to be a diminution of infection in some cases, but results 
were not conclusive. No toxic symptoms were seen. The 
authors conclude that phemeride has good bactericidal 
properties and is relatively non-toxic to the tissues. It can 
be placed in open wounds and the pleural cavity without 
apparent damage. 
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THE LETHAL ACTION OF BENZYL BENZOATE, DI- 
METHYLTHIANTHRENE (‘“ MITIGAL ”’) AND TETRA- 
ETHYLTHIURAM MONOSULPHIDE (‘“ TETMOS”) 
ON THE SCABIES-PRODUCING MITES, NOTOEDRES 
SP. AND SARCOPTES SCABIEI VAR. HOMINIS, 
WHEN TESTED IN VITRO 

by R. M. Gordon & K. Unsworth, Annals of Tropical Medicine 
and Parasitology, 37, 195-199, December 1943 


Benzyl benzoate, dimethylthianthrene (mitigal), and tetra- 
ethylthiuram monosulphide (tetmos) are all known to be 
effective sarcopticides in the treatment of scabies. The 
authors describe experiments with Notoédres (from infected 
rats) and the human scabies parasite (Sarcoptes scabiei var. 
hominis) on the relative efficiency in vitro of these three com- 
pounds, all of which were used in 5% solution. Earlier tests 
with 10 % solutions were discontinued because the parasites 
perished too quickly to permit comparative observations. 

After immersion in 5 % tetmos for 10 hours, only 6 % of 
the Notoédres survived. With mitigal and benzyl benzoate, 
the corresponding percentage survival was 59 and 90. 

Similar experiments were performed with the human para- 
site. Fewer of these were available, and comparison was 
made only between tetmos and benzyl benzoate. Resistance 
to both compounds was greater than in the case of Notoédres, 
but tetmos was clearly more effective. 

The authors emphasize that the results of in vitro tests may 
not have a direct clinical application. For example, it is 
well known that the human scabies parasite will survive for 
days in sulphur ointment. The efficacy of sulphur ointment 
in the treatment of scabies is presumably due to the liberation 
of active products produced after application to the body. 

{An account of the clinical use of tetmos (described as 
T.E.T.M.S.) will be found in BMB 78.]} 
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TUBERCULOSIS TREATED WITH PROMIN 

by F. R. G. Heaf, J. V. Hurford, A. Eiser & L. M. Franklin, 
Lancet, 1, 702-704, 5/6/43 

The use of “promin” (sodium p: p’-diamino diphenyl 
sulphone-N : N’-didextrose sulphonate) in the treatment of 
pulmonary tuberculosis is still in the experimental stage. 
This article is an interim report on work which is continuing, 
and consists of the findings in 18 cases of pulmonary tubercu- 
losis (4 with tuberculosis of the larynx as well) and 1 genito- 
urinary case. 


Methods and dosage. The drug was given in courses 
averaging 84 weeks, and in this period the administration 
was continuous for 2 weeks and was followed by a week’s 
rest. Total dosage varied from 8-4 g. to 96-8 g., and ex- 
ceeded 30 g. in 10 cases. The oral route was used in 13 cases 
and the intravenous in 2 (including the genito-urinary 
case). 

A period of bed-rest averaging 23 weeks preceded the 
promin treatment in the pulmonary cases, and acted as a 
control. During this period the cases were largely stationary. 
The clinical state was assessed by x-rays, hemograms, 
temperature, weight, and sputum examination. The promin 
content in blood and urine was estimated weekly. Ex- 
aminations of blood and urine for abnormal pigments, 
and blood counts and hemoglobin estimations were done 
regularly. 


Laboratory investigations. The level of promin in the 
blood did not follow the dosage at all closely. 2-5 mg. per 
100 cm.* was the average blood concentration with oral 
administration. The hemoglobin fell in all cases until iron 
was given as a routine. In only one case was the leucocyte 
count affected. The promin concentration in the urine was 
high (sometimes more than 100 mg./100 cm.*), and well 
maintained during the rest periods. With the intravenous 
dosage the blood concentration averaged 1 mg. per 100 cm.* 
during administration, and 0-7 mg. during the rest period. 


Clinical results. The 14 purely pulmonary cases com- 
prised 8 cases of fibro-caseous disease with excavation, 
1 pneumonic case, 3 cases of limited disease of the exudative 
type, and 2 thoracoplasty cases with spread to the other 
side. There were no adverse symptoms from the intravenous 
dosage. The oral cases had cyanosis, headache, nausea, 
and giddiness, all of moderate degree. Results are seen in 
the following table : 


| Slight | Definite 
improve- | improve- 
ment ment 


Worse No 


Cases or dead change | 


Clinical State 


Advanced, poor 
resistance 


Advanced, good 
resistance 


Moderate disease 


Limited disease , 


The genito-urinary case improved considerably. It was 
thought that promin probably had a deleterious effect 
on one patient who died, an advanced case with poor 
resistance. 


Laryngeal application. Four cases were treated, 2 with 
insufflation of a powder containing promin, and 2 by painting 
the larynx with a 50% promin in glycerine paint. The 
latter 2 cases improved. 


Conclusions. Results were indefinite, but the authors’ 
impressions of the value of promin were, in general, negative. 
The following conclusions appear to them to be justifiable : 
(i) Oral promin produces moderately unpleasant toxic symp- 
toms and hemolytic anzmia, (ii) the anemia is prevented 
by iron, (iii) the intravenous route produces no toxic symp- 
toms nor anzmia, (iv) promin is not suitable for advanced 
cases with poor resistance, (v) the local application of 
promin in laryngeal tuberculosis is worthy of further in- 
vestigation. 


Routes of Administration: Local 
Reactions 
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STUDIES IN CHEMOTHERAPY. XXXIV—COMPARI- 
SON OF THE RESULTS OBTAINED BY DIFFERENT 
METHODS OF ADMINISTRATION OF DRUGS IN 
TRYPANOSOMAL INFECTIONS IN MICE 

by J. D. Fulton & W. Yorke, Annals of Tropical Medicine and 
Parasitology, 37, 80-95, September 1943 


Whatever route or systemic administration may be adopted, 
its efficacy depends upon attaining 4 certain concentration 
of drug in the blood-stream. Preliminary trials of new com- 
pounds for trypanocidal or spirochztocidal action are almost 
invariably performed in mice, but routes of administration 
vary. No systematic investigation of the best route for this 
purpose seems to have been reported, and the authors have 
accordingly undertaken an investigation of the results of 
treatment of large numbers of mice by oral, subcutaneous, 
intraperitoneal and intravenous administration of 6 drugs 
(tryparsamide, tryparsamide thioglycollate, neoarsphenamine, 
diamidino monomethyl stilbene, diamidino dimethyl] stilbene 
7 amino-9 (p-aminophenyl)-10 methyl phenanthridinium 
chloride). 

It was found that the best therapeutic indices 

maximum tolerated dose maximum tolerated dose 

minimum effective dose minimum curative dose 
were obtained by subcutaneous administration, although in 
the case of tryparsamide and reduced (trivalent) tryparsamide 
some other routes gave as good results. All the compounds 
tested, except tryparsamide, caused bald patches or ulcers at 
the site of injection. 

Points for and against other routes of administration are 
discussed and the experimental results are tabulated. 

A comparison of the relative efficacy of the drugs used 

showed that the highest therapeutic index in the treatment 
of T. rhodesiense infections was obtained by subcutaneous 
diamidino monomethyl stilbene. In the case of T. congo- 
maximum tolerated dose : 
—s ; - was highest 
minimum effective dose 
for the phenanthridinium compound subcutaneously. The 
hi maximum tolerated dose 
ighest ———__—_____—__. 
minimum curative dose 
cutaneous phenanthridinium compound and subcutaneous 
diamidino dimethyl stilbene. 


lense infections the value 


ratio was shared by sub- 
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ADMINISTRATION OF NON-STEROID SUBSTANCES 
BY THE IMPLANTATION TECHNIQUE 


by A. S. Parkes, Journal of Endocrinology, 3, 220-233, 
August 1942 


The technique of administration of steroid hormones by im- 
plantation of compressed tablets of pure crystalline material 
was first devised by Deanesly & Parkes (1937). Complete 
absorption is slow, since steroid substances have a low 
solubility in body fluids. The present paper from the Nationa! 
Institute for Medical Research reports attempts to adapt the 
implantation technique to substances such as adrenaline, 
insulin and gonadotrophins which are easily soluble in body 
fluids and to thyroxine which is very poorly soluble. As 
compressed tablets of highly water-soluble substances were 
rapidly dissolved, a search had to be made for a suitable ex- 
cipient. The following substances were rejected: stearic 
acid, palmitic acid, uric acid, starch, kaolin, lumisterol, 
ergosterol and sitosterol. Observations made in another 
investigation had suggested that sulphonamide derivatives 
might be useful excipients, and it was found that sulphanil- 
amide was absorbed very rapidly, sulphapyridine and sulpha- 
thiazole more slowly, and benzyl sulphanilamide very slowly. 
Cholesterol was the other excipient found most useful for 
delaying the absorption of water-soluble substances, although 
its mode of action is not obvious. 

In tests carried out with the highly water-soluble substance 
dextrose by implantation into rats and rabbits, complete 
absorption was delayed for weeks by incorporating the 
dextrose in 100 mg. tablets containing 90 % cholesterol. Pure 
dextrose is absorbed within a few hours after transplantation. 
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Benzyl sulphanilamide was found to have little effect in re- 
tarding the absorption of dextrose. Adrenaline in high con- 
centration was usually fatal, but tablets containing 15% 
adrenaline and 85 % cholesterol lost between one-quarter and 
one-third of their adrenaline in 28 days. 

It has been shown (Parkes & Young, 1939) that insulin is 
absorbed almost as quickly by implantation in tablet form 
as by subcutaneous injection in solution. In the present 
paper no observations are reported on metabolism after im- 
plantation of insulin, except as to whether the treatment was 
lethal. Low-zinc insulin and crystalline insulin in concen- 
trations of 5 to 25% in 100 mg. tablets with cholesterol as 
excipient were usually fatal. Female rats were less sensitive 
than male rats. Only some 2-3 mg. of insulin were absorbed 
in the course of a month in animals which survived. The 
author concludes that the implantation technique is more 
effective than a simple injection in the case of crystalline 
insulin. 

Chorionic gonadotrophin (10%) was absorbed rapidly 
from 100 mg. tablets with cholesterol as excipient. Much 
had been absorbed within 1 day and all within 6 days. Pitui- 
tary gonadotrophins were similarly absorbed rapidly. Ex- 
periments with a sheep pituitary extract, however, showed 
that the effectiveness of the extract was greatly increased when 
it was absorbed from a tablet, as against the increase in 
ovarian weight produced by daily subcutaneous injection. 
Thyroxine was not absorbed in weighable amounts from 
tablets implanted for many months, and no satisfactory ex- 
cipient has yet been found to expedite absorption. The 
author considers that the implantation technique might be 
convenient when chronic administration of substances such 
as adrenaline is required. 
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DEPOSITION OF PROTEIN MATERIAL IN _IM- 
PLANTED PELLETS OF STEROID HORMONES 
by R. Deanesly & A. S. Parkes, Lancet, 2, 500-502, 23/10/43 


Folley (1942a) described an interstitial deposit of protein 
matter in tablets of diethyl-stilbcestrol which had been im- 
planted subcutaneously into heifers. He suggested (1942b) 
that this interstitial deposit would progressively retard 
absorption of the implant. Shimkin & White (1941) intro- 
duced fused blocks of compounds for implantation. These 
blocks, in contrast to compressed tablets, have no interstices 
and should therefore offer less opportunity for deposition 
of protein matter. 

The authors report experiments at the National Institute 
for Medical Research in which a comparison was made of 
the fate of compressed tablets and fused blocks of cestradiol, 
testosterone, progesterone, and desoxycorticosterone acetate. 
All tablets and blocks were of approximately the same weight 
(S50 mg.) and shape, and they were implanted in rats. 

There was a deposition of protein both in tablets and fused 
blocks, although, in the latter, the protein body left behind 
after ether extraction was thin-walled and apparently hollow, 
whereas in the case of the tablets the deposit extended 
throughout its substance. 

Histological examination revealed no evidence of the in- 
clusion of living tissue in the protein meshwork, nor did there 
appear to be any histological connection between the protein 
deposit and the connective-tissue capsule which surrounded 
the implant. There was no evidence that the interstitial 
protein deposit retarded absorption of the implanted material. 
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ACRIDINE ANTISEPTICS : Further Experiments on their 
Local Action 

by D. S. Russell & M. A. Falconer, Lancet, 1, 580-581, 8/5/43 


The antiseptic action of the acridine compounds was first 
discovered by Browning and his colleagues who introduced 


acriflavine for use in wounds during the 1914-18 war. This 
compound enjoyed wide popularity at first because it acted 
in the presence of serum and was apparently not toxic to 
leucocytes ; but later work showed that the concentrations 
used in wounds were less innocuous than was first supposed. 
Moreover, much of the solution applied to wounds was 
removed by fixation on the gauze dressings. For these and 
other reasons its use became restricted. Interest in the 
acridine series was revived at the beginning of the present 
war, and Russell & Falconer (1940) showed that proflavine 
(2: 8-diamino-acridine) was less harmful to the tissues than 
acriflavine ; as an 0-1 % solution in isotonic saline buffered 
to pH 6:2 it could be applied to the exposed surface of the 
cerebrum of rabbits without causing any appreciable damage. 
The same authors have now shown in the present paper that 
similar solutions of two other derivatives—S-mono-amino- 
acridine hydrochloride and 2: 7-diamino-acridine mono- 
hydrochloride—may be employed in a similar manner without 
harm to the cerebrum. Their technique involved the removal 
of a triangular area of the skull about 2 x 1-5 cm. over the 
cerebrum and the application for 10 minutes of a pledget of 
“* lintine ” soaked in the acridine solution, after reflection of 
the dura and scarification of the exposed leptomeninges in 
three or four places. At the same time 0-1 cm.? of the solu- 
tion was injected into the cerebral cortex. The animals were 
killed after 1, 2, 4 and 8 days respectively, and the brain was 
examined by the usual histological methods. After this 
procedure the brain appeared macroscopically normal apart 
from trivial hemorrhages. Microscopically, there were 
slight hemorrhages and infiltration of polymorphonuclear 
leucocytes in the leptomeninges, and the neurones of the 
superficial cortical tissue were frequently shrunken and 
hyperchromatic. Fibroblastic proliferation was in progress 
by the 4th day and was conspicuous by the 8th day. But 
altogether the lesions were limited in extent and they were not 
much greater than those caused by isotonic saline applied 
in the same manner. Other members of the acridine series 
such as acriflavine and euflavine, however, were highly toxic 
and damaging. From these experiments Russell & Falconer 
conclude that solutions (0-1°%) of proflavine sulphate, 
2: 7-diamino-acridine, and 5-amino-acridine hydrochloride, 
made up in isotonic saline and buffered to pH 6-2 are suitable 
for the prophylactic treatment of wounds, since the damage 
which they may cause is small compared with the benefit of 
avoiding bacterial infection. : 
Another method of using proflavine has recently been 
described by Mitchell & Buttle (1942) working in Egypt. 
They were dealing with suppurating wounds, first seen about 
5 to 12 days after infliction: most of the wounds were heavily 
infected, and some had resisted other forms of treatment. 
These workers cleaned the wounds surgically and then inserted 
proflavine sulphate, as powder, in quantities from 0-5 to 
2:0 g. In all but 6 of their 80 cases great improvement 
followed this treatment. The present authors have now 
imitated this method experimentally by applying 0-02-0-05 g. 
of the powder to the brains of rabbits as described above. 
Proflavine, 2 : 7-diamino-acridine, and 5-amino-acridine were 
tested. In all cases complete necrosis of the underlying brain 
was caused, with oedema and hemorrhage of the more distal 
portions. Similar results were obtained by Hawking (1943), 
who inserted 10 mg. of various acridine derivatives as powder 
into subcutaneous wounds of rats; in all cases widespread 
necrosis was caused. It is concluded that although pro- 
flavine powder may have a beneficial effect when applied to 
chronic suppurating wounds, it should not be applied prophy- 
lactically to fresh wounds, since it causes so much damage. 
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HISTOLOGICAL EFFECT OF 
POWDER ON FRESH WOUNDS 

by F. Hawking, Lancet, 1, 710-711, 5/6/43 
In this short paper from the National Institute for Medical 
Research, London, the author shows that the application 


PROFLAVINE 





of powdered proflavine sulphate to experimental wounds 
in subcutaneous tissue is followed by necrosis. Rats were 
used as test animals, and 10 mg. of the powder was inserted 
into pockets formed by lifting up the 3-4 cm.? of skin around 
the incision, which was then loosely sutured. The rats 
were killed at intervals of 2-20 days after operation and the 
site was examined histologically. Proflavine hydrochloride, 
proflavine salicylate, proflavine p-hydroxy phenyl sulphonate, 
proflavine hydroiodide, neutral proflavine sulphate, proflavine 
base, and S5—aminoacridine hydrochloride were tested and 
14 untreated wounds were observed as controls. 

Control wounds healed completely in 10 days. Treated 
wounds showed great effusion of fluid in the connective 
tissue planes, and necrosis of skin, subcutaneous tissue, and 
underlying muscle. No convincing variation in toxicity of 
the different compounds was seen. 

The author concludes that acridine antiseptics should not 
be applied in powder form to fresh wounds. This conclusion 
does not affect the use of such powders in chronic suppurating 
wounds, as reported by Mitchell & Buttle (1942). 
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HISTOLOGICAL EFFECTS OF SULPHONAMIDE-PRO- 
FLAVINE MIXTURES IN THE RABBIT: Some Experi- 
mental Observations 

by D. S. Russell & D. J. K. Beck, British Medical Journal, 1, 
112-113, 22/1/44 

It has been shown (Russell & Falconer, 1943; Hawking, 
1943) that acridine powders have a highly destructive effect 
upon the tissues. The present paper, from the Nuffield 
Department of Surgery, Oxford, reports the histological 
effects of the local application of proflavine powder diluted 
with sulphathiazole powder. About 0-25 g. of a powder 
composed of 1 part of proflavine sulphate to 99 parts of 
sulphathiazole was inserted in the wounds made in the leg 
muscles of rabbits. In the opposite legs sulphathiazole 
alone was inserted. The animals were killed at different 
intervals after the operation and the tissues were examined. 
Macroscopically, the surrounding tissues of wounds con- 
taining pure sulphathiazole showed slight cedema with traces 
of hemorrhage, but the mixed powder caused severe cedema, 
discolouration and petechial hemorrhages. Microscopically, 
the changes caused by sulphathiazole alone were not sig- 
nificant, but in wounds into which the mixed powder had 
been inserted there was persistent local cedema with hemor- 


rhagic necrosis in the dermis, the panniculus carnosus, and 
the subjacent muscle and its fascia. 

In similar experiments on the central nervous system, sul- 
phapyridine was used instead of sulphathiazole because of 
the known epileptogenic properties of the latter (Watt & 
Alexander, 1942). In a few animals sulphadiazine was used. 
Craniotomy was performed on 28 rabbits and proflavine and 
sulphonamide powder in varying proportions was applied. 
There was a lack of uniformity, which the authors find 
difficult to explain, in the histological reactions. It was clear, 
however, that the severity of the reaction was proportional 
to the concentration of proflavine in the mixture. 

These results confirmed previous reports on the harmless- 
ness of sulphathiazole powder to the tissues. Considerable 
damage to muscle and connective tissue is caused by the 
addition of 1% proflavine sulphate to the powder. Experi- 
ments on the rabbit’s brain indicate a similar damaging effect 
of proflavine on nerve tissue, although results are not so 
conclusive. 


REFERENCES 

1 Hawking, F. (1943) Lancet, 1, 710 

? Russell, D. S. & Falconer, M. A. (1943) Lancet, 1, 580 
3 Watt, A. C. & Alexander, G. L. (1942) Lancet, 1, 493 


' [see BMB 341] 2 [see BMB 340] 3 [see BMB 55] 


343 


INTRAMUSCULAR INJECTION OF MEPACRINE 
(ATEBRIN) : Histological Effect 
by F. Hawking, British Medical Journal, 2, 198-199, 14/8/43 


Previous writers have stated that intramuscularly injected 
mepacrine (atebrin) causes no local reaction in most cases, 
pain and swelling in some, and occasionally local abscesses. 
No histological observations on this subject appear to have 
been published previously. The experiments reported in 
the present paper from the National Institute for Medical 
Research were made on rabbits weighing 1-5 to 2kg. Mepa- 
crine methanesulphonate (atebrin musonate), 50 mg. in 
0-5 cm.* distilled water, was injected intramuscularly and 
subcutaneously, and the animals were killed at varying 
intervals for histological examination. Some experiments 
were also made in rats. 

Macroscopic evidence of injury was usually slight, but 
microscopical examination always showed some necrosis at 
the site of injection. Similar experiments were made with 
quinine monohydrochloride. The damage caused by mepa- 
crine was similar to, but rather less than, that following 
quinine. It was not so extensive as to be a contra-indication 
to parenteral administration, but sufficient to indicate that 
this route should not be chosen without due consideration. 
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THE MEDICAL USE OF SULPHONAMIDES 


Medical Research Council War Memorandum No. 10. 
London, H.M. Stationery Office, 1943. 46 pages. 9d. [£0.04] 


This authoritative and exceptionally useful Memorandum was 
prepared for the Therapeutic Requirements Committee of the 
Medical Research Council. It is hardly an exaggeration to say 
that it contains all that it is necessary for the physician or surgeon 
to know about the sulphonamides. 

In the chapter on Chemistry the synonyms, structural formule, 
chemical descriptions, and essential physical properties of nine 
principal sulphonamide drugs are given. The section on Pharma- 
cology deals with the mechanism of sulphonamide bacteriostasis, 
the development of sulphonamide-resistance, and the conditions 
of absorption and excretion by the body. In the next section the 
principles of optimal dosage are expounded, and the differences in 
dosage schemes for (i) acute, (ii) sub-acute and ‘chronic, -and 


(iii) urinary infections, are indicated. There is a useful table of 


dosages for (a) severe and (6) moderate infections at different 
ages. Examples are given of dosages employed in sulphonamide 
prophylaxis. There are brief sections on the various routes of 
administration and on the regulation of dosage by determination 
of the sulphonamide content of the blood. There follows a long 
section in which the treatment of specific infections is discussed 
in some detail as follows : (i) Hemolytic streptococcal infections ; 
(ii) Non-hemolytic streptococcal infections ; (iii) Meningococcal 
infections ; (iv) Other forms of purulent meningitis ; (v) Pneu- 
monia ; (vi) Staphylococcal infections ; (vii) Peritonitis ; (viii) 
Urinary tract infections ; (ix) Venereal diseases : (x) Wounds ; 
(xi) Gas gangrene ; (xii) Burns ; (xiii) Intestinal infections. There 
are short notes on sixteen other diseases, in most of which 
sulphonamide treatment does not rest on as sound a foundation. 

The last section is devoted to a very adequate discussion of 
toxic reactions to sulphonamides. This includes a table of toxic 
effects of sulphanilamide, sulphapyridine, sulphathiazole and 
sulphadiazine, which has been adapted from Circular Letter 
No. 17, issued by the Surgeon General, Washington. 
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There are two Appendices. The first summarises the Bratton & 
Marshall and the p-dimethylaminobenzaldehyde methods for the 
determination of sulphonamide-concentration in body fluids, while 
the second is devoted to recent recommendations on the sterilisation 
of sulphanilamide powder. 


344/10 
PATHOLOGICAL HISTOLOGY 


by R. F. Ogilvie. 2nd edition. Edinburgh, E. & S. Living- 
stone, 1943. 411 pages ; 235 coloured plates. £1 12s. 6d. 
[£1.625] 


This book is intended as a companion to larger textbooks and 
for use in practical pathology. Its principal feature is the series 
of beautifully reproduced photomicrographs in colour. New 
matter and more coloured plates have been added to the new 
edition ; many sections of the existing text have been revised. 
There are few conditions met with in the practical histology class 
which are not represented in the book. The first edition was by 
some authorities considered the most outstanding textbook of 
morbid anatomy in the English language. 


344/11 
DISEASES OF INFANCY AND CHILDHOOD 


by W. Sheldon. 4th edition. London, J. & A. Churchill, 
1943. 748 pages ; 144 illustrations. £1 8s. [£1.4] 


This book has become a standard text on pediatrics, and the new 
edition shows evidence of careful revision. Advances in general 
medicine applicable to diseases of children are incorporated. This 
applies particularly to the sections on prematurity and diseases of 
the newborn. War-time measures regarding milk, vitamins, etc. 
are dealt with, and there are appendices on the sulphonamides and 
on the proprietary forms of vitamins at present available. In 
conformity with their usual standards, the publishers have, despite 
war-time difficulties, produced a book of the highest quality, 
equipped with good illustrations and index. It should be of value 
both to the clinical student and the general practitioner. 


344/12 
DISEASES OF THE NERVOUS SYSTEM 


by F. M. R. Walshe. 3rd edition. Edinburgh, E. & S. 
Livingstone, 1943. 350 pages ; 46 illustrations. 15s. [£0.75] 


An introduction to clinical neurology, for practitioners and 
students. It is a concise but comprehensive account of the 
commoner diseases of the nervous system, both organic and 
functional. The book first appeared in 1940, and received 
general approval. The third edition has been revised, and both 
text and illustrations have been augmented. A new section on 
pituitary neoplasms has been added, the chapter on injuries of the 
brain has been recast and expanded, and a short description of 
the pituitary-hypothalamus complex, with diagram, has been 
appended to the chapter dealing with anatomical or localising 
factors in diagnosis. 
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THE NATURAL DEVELOPMENT OF THE CHILD: 
A Guide for Parents, Teachers, Students, and others 


by A. H. Bowley. 2nd edition. Edinburgh, E. & S. Living- 
stone, 1943. 184 pages ; 84 illustrations. 8s. 6d. [£0.425] 


A brief account of the normal growth and development of the 
child from infancy to adolescence, with particular reference to 
emotional factors. It is written primarily for the student training 
to be a teacher, but it should also be of the utmost interest and 
value to parents, physicians, and all who, in various capacities, 
are concerned with the intellectual, emotional and physical 
welfare of the child. Valuable suggestions for further reading 
are included. 


344/14 
ILLUSTRATIONS OF REGIONAL ANATOMY 


by E. B. Jamieson. 5th edition. 7 parts. Edinburgh, E. & 
S. Livingstone, 1944. 319 plates. £3. 





This work consists of 319 anatomical plates, well produced in 
colour and bound in loose-leaf form. The whole production, 
which is of a high standard, is comprised in seven independent 
sections : central nervous system, head and neck, abdomen, 
pelvis, thorax, upper limb, lower limb. The work may also be 
obtained in a single bound volume. 
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THE QUEEN CHARLOTTE’S TEXT-BOOK OF 
OBSTETRICS 


by Members of the Clinical Staff of the Hospital. 6th edition. 
London, J. & A. Churchill, 1943. 577 pages ; 294 illustra- 
tions. £1 5s. [£1.25] 


Queen Charlotte’s Maternity Hospital, the oldest maternity 
hospital in the British Isles, was founded in 1739. To-day it is the 
foremost hospital of its kind in Britain, and is an important centre 
for the training of obstetricians and midwives. This book, therefore, 
is written by a number of contributors whose experience is second 
to none. It sets forth the views held and the methods practised 
by those connected with the hospital. Since the first edition in 
1927 the book has established itself as an important text for 
students of obstetrics. The latest edition has been carefully 
revised to include the most recent information on the subject, and 
has benefited by the addition of a small section on post-natal care. 


344/16 
SURGICAL NURSING AND AFTER-TREATMENT 


by H. C. Rutherford Darling. 8th edition. London, J. & 
A. Churchill, 1944. 686 pages ; 210 illustrations. 12s. 6d. 
[£0.625] 


As its title suggests, this book deals only with surgical nursing, 
but it may also be read with profit by the medical student during 
his time in the surgical wards. It includes a short account of the 
principles of pathology and bacteriology. A great deal of in- 
dispensable information is compressed into this relatively small 
book, which is well produced in spite of war conditions. It will 
serve as both textbook and reference book, and there is no doubt 
that this edition will prove as popular as its predecessors. 


344/17 
THE RADIOLOGY OF BONES AND JOINTS 


by J. F. Brailsford. 3rd edition. London, J. & A. Churchill, 
1944. 440 pages ; 404 illustrations. £2 5s. [£2.25] 


The objects of this book are to provide a concise account of the 
bone changes seen in health and disease, to indicate the significance 
of the radiographic findings, and to present the recent advances 
which are recognised in radiological departments and journals 
but have not yet become incorporated in general textbooks. 
Illustrations of the commoner conditions are given, and an extensive 
bibliography is appended for the benefit of the reader who wishes 
to obtain special details and illustrations of any particular subject. 
Particular attention is paid to bone and joint changes resulting 
from trauma, the osseous dystrophies, tuberculosis, syphilis and 
neoplasm ; their interrelationship is a factor important to those 
concerned with rehabilitation. Consideration is given both to 
pathology and treatment of certain conditions of bones and joints, 
for, as the author points out, in some cases the treatment is indi- 
cated by the radiographic appearances, while in others the latter 
are changed as the result of treatment. 

The radiographs have been carefully selected and their repro- 
duction reaches the high standard one would expect to associate 
with an author of such standing among radiologists in Britain. 


344/18 
A SHORT PRACTICE OF SURGERY 


by H. Bailey & R. J. McN. Love. 6th edition. London, 
H. K. Lewis, 1943. 1034 pages ; 922 illustrations. £1 16s. 
[£1.8] 


The authors of this book have long enjoyed a reputation for pre- 
senting their subject in an easily readable manner. The work 
itself is a general survey of surgery, particularly suitable for the 
senior student and the general practitioner. The new edition has 
been thoroughly revised ; the book has always been notable for 
its illustrations and in this edition these have been enriched with 
over 40 additions, many in colour. Three new chapters deal with 
“ Teeth and Gums,” “ Surgery of Parathyroid, Thymus, Adrenal 
Glands,” “‘ Urinary Symptoms, Genito-Urinary Investigations and 
Anuria.” While this book cannot replace the larger and more 
detailed textbooks, its great virtue is that it presents the essentials 
of surgery in an attractive and easily assimilable form. It is one 
of the few books on general surgery that can be read from beginning 
to end by the student or practitioner. 





344/19 


ORTHOPADIC SURGERY 


by W. Mercer. 3rd edition. London, E. Arnold & Co., 
1943. 960 pages ; 415 illustrations. £2 5s. [£2.25] 


A comprehensive survey of each branch of orthopedic surgery, 
including the latest work. The technique of operations is given 
in sufficient detail to enable the young surgeon to perform them 
with confidence. The book was first published in 1932 and in 





this third edition the author, who has had many years of practical 
experience in the subject, has taken the opportunity of incor- 
porating new ideas, both from his personal experience and from 
the literature. Every chapter has been revised, and among the 
sections which have been re-written are those on circulatory 
disturbances, affections of the back, knee, shoulder and foot, and 
infections of the hand. A comprehensive bibliography is provided 
for further reading, and there is a full index. 


344/20 
MEDICAL BACTERIOLOGY 


by L. E. H. Whitby. 4th edition. London, J. & A. Churchill, 
1944. 342 pages ; 81 illustrations. 14s. [£0.7] 


This book approaches the subject of bacteriology from the 
aspect most suitable to the medical student and the general prac- 
titioner who require only a knowledge of the essentials of the 
subject and their application to practical medicine. The book is, 
for this purpose, divided into two parts, “ descriptive’? and 
** applied,” and the more common helminthic infections are also 
described. The subjects dealt with include the classification, 
variability, cultivation and staining of bacteria, theories of im- 
munity, serological reactions, and details of the more common 
bacterial infections. This new edition has been augmented by the 
addition of a chapter on chemotherapy, whilst the sections dealing 
with the typhoid-coli group, diphtheria, gas-gangrene, filter- 
passing viruses and water analysis have been brought up to date. 


344/21 
A PRACTICE OF ORTHOPADIC SURGERY 


by T. P. McMurray. 2nd edition, reprinted. London, 
Edward Arnold, 1944. 435 pages ; 191 illustrations. £1 10s. 
[£1.5] 


A description of the basic principles of orthopedic surgery, 
particularly useful to the younger surgeon and the final-year 
student. Much of the original text has been rewritten and some 
new illustrations have been added. 

The subject-matter is clearly set out and, with the illustrations, 
forms an excellent treatise on the subject. The author has had 
wide experience in this field and is careful to avoid too much 
detail and theory, which might confuse the reader. He has 
followed a systematic plan and includes differential diagnosis of 
the various conditions described. The types of treatment con- 
sidered are those which in the author’s experience have given the 
most consistently satisfactory results. The subject of fractures is 
wisely omitted, as being worthy of consideration in a separate 
volume, rather than as part of a book on orthopedics. The book 
is very well illustrated. 
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DEMONSTRATIONS OF PHYSICAL SIGNS IN 
CLINICAL SURGERY 


by Hamilton Bailey. 9th edition. Bristol, John Wright & 
Sons, 1944. 351 pages ; 492 illustrations. £1 5s. [£1.25] 


The author writes in his preface: “as physical signs may be 
likened to the laws of the Medes and Persians, it is not possible 
to state that a new edition of a book on this subject has been 
brought up to date.” Nevertheless, this new edition of one of 
the most successful books on surgical diagnosis has been con- 
siderably revised as far as the illustrations are concerned. These 
have been of a high standard in previous editions and to improve 
upon them in this latest revision is proof of the author’s ingenuity. 
Many are in colour and all succeed in their purpose of demon- 
strating the methods of physical examination and of eliciting the 
various signs diagnostic of disease. 

The book has reached its ninth edition in 14 years and trans- 
lations into several European languages have been published or are 
in preparation. Certain sections of the work have been revised ; 
the interesting historical footnotes to most pages are retained. 


344/23 
VADE MECUM OF MEDICAL TREATMENT 


by W. G. Sears. 4th edition. London, Edward Arnold. 
1943. 388 pages. 10s. 6d. [£0.525] 


A brief account of the essentials of treatment of diseases likely 
to be encountered in general practice is given in this book, which 
has, in earlier editions, already proved itself a useful guide for the 
senior student and the practitioner. The diseases are arranged 
alphabetically for quick reference, and the size of the book enables 
it to be carried in the pocket. It includes tables of doses, weights 
and measures and their conversion from and into the metric 
system, calorie values of foodstuffs, vitamin contents of foods, etc. 


344/24 
A HANDBOOK OF OPHTHALMOLOGY 


by H. Neame & F. A. Williamson-Noble. 5th edition. London, 
J. & A. Churchill, 1944. 333 pages; 235 illustrations. 
18s. [£0.9] 


This book is intended for medical students and general prac- 
titioners, and therefore is devoted mainly to a consideration of 
those diseases of the eye which are commonly met with in hospital! 
out-patient practice. Brief descriptions of the less common con- 
ditions are given, and some space is devoted to an account of the 
usual methods of examination of the eye. In this new edition 
the section on inflammations of the conjunctiva has been largely 
re-written to incorporate details of the results of recent work on 
trachoma and the benefits obtainable by the wider use of the 
sulphonamides. The sulphonamides have fuller consideration in 
the chapter on Therapeutics. The relation of vitamins to 
ophthalmology is discussed at greater length than previously 
and many other sections of the book have been revised and aug- 
mented. The illustrations are a notable feature of the book : 
those in colour are particularly well reproduced. 


THE DIABETIC LIFE : 
Its control by diet and insulin 


by R. D. Lawrence. 13th edition. London, J. & A. Churchill, 
1944. 251 pages; 18 illustrations. 10s. 6d. [£0.525] 


New editions of “* The Diabetic Life ’ appear with such frequency 
that it has come to be regarded almost as an annual publication. 
Translations into French, Spanish, Dutch and Italian demonstrate 
still further the wide popularity of this book. Its main object is 
to be a practical guide in the treatment of diabetes, and this object 
it fulfils extremely well. As the author points out, the constant 
revision of a book tends to make it uneven; in this new edition 
he has therefore taken the opportunity of rewriting the text. The 
special difficulties of diabetics during wartime are provided for by 
a war-time supplement. This edition, like its predecessors, should 
prove invaluable not only to the doctor but also to the diabetic, 
whose intelligent co-operation is necessary for the best results. 


Corrigendum 


FRACTURES AND JOINT INJURIES 


by R. Watson-Jones. 3rd edition. 2 vols. 
E. & S. Livingstone, 1943. 960 pages ; 
£3 15s. [£3.75] 


_ In BMB 290/7 the number of illustrations in this work was 
incorrectly given as 745; the correct number is now stated above. 


Edinburgh, 
1353 illustrations. 
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